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SUMMARY
Two
small
watersheds
were
selected
in
southern
Ontario
near
Leamington
and
nitrogen
additions
and
losses
under
different
cropping
and
fertilizing
practices
were
monitored
during
the
1974
to
April
1977
period.
Average
stream
NO
—N
concentrations
were
4.9
i
3.2
mg/l
for
the
sandy
watershed
AG—13
where
vegetable
and
tobacco
production
were
the
predominant
crops.
Average
stream
NO3—N
concentrations
were
3.6
i
4.2
mg/l
for
the
tile-drained
clay
watershed
AG—Ol
where corn
and
soybean
production
dominated.
Average
dissolved
NH
-N
concentrations
were
0.34
i
0.43
mg/l
for
AG-13
and
0.21
i
0.31
for
AG—
1.
Average
total
Kjeldahl
N
concentrations
were
similar;
1.4
i
1.0
mg/l
for
both
AG-13
and
AG—Ol.
Estimated
average
annual
total
N
losses
were
29
and
22
kg
N/ha
for
AG—l3
and
AG-Ol,
respectively,
of
which
dissolved
nitrogen
accounted
for
87%
and
64%
of
the
total
N
losses,
respectively.
Approximately
60%
of
the
dissolved
nitrogen
losses
Cecurred
during
February-March
at
which
time
70%
of
the
annual
runoff occurred.
The
higher
losses
from
the
sandy
watershed
AG.13
are
believed
to
be
a
reflection
of
greater
fertilizer
input
and
greater
annual runoff.
In
order
to
monitor
seasonal
changes
in
nitrogen
gains
and
losses
under
various
cropping
practices
three
plots
were
established
in
1975
and
1976
on
each
of
the
two
watersheds.
The
plots
in
AG—13
were
established
in
potato,
Burley
tobacco
and
soybean-greenbean
fields.
Those
in
AG—Ol
Were
located
in
winter
wheat-corn,
corn—soybean
and
soybean
fields.
Soil
samples
to
a
depth
of
75
cm
were
removed
during
the
growing
season
and
analyzed
for
NO3-N
and
NH4-N
content.
Plant
samples
were
also
taken
to
determine
total
N
content
and
dry
weight.
The
information
was
compiled
and
used
to
obtain
a
simplified
balance
sheet
by
adding
and
subtracting
known
mineral
N
inputs
and
outputs,
and
attributing
the
difference
to
leaching,
denitrification
and
immobilization
losses.
In
the
three
plots
located
within
the
clay
watershed
the
sum
of
the
average
annual
N
inputs
from
fertilization
(17
to
135
kg/ha),
rain
(18
kg/ha)
and
net
mineralization
(130
to
140
kg/ha)
ranged
from
175
to
283
kg
N/ha.
Average
annual
N
recovery
by
the
plants
(and
soil)
ranged
from
114
to
202
kg
N/ha.
By
Subtracting
the
recovered
N
from
the
input
N
the
estimated
annual
N
losses
(primarily
by
leaching
and
denitrification)
were
calculated
to
range
from
61
to
91
kg
N/ha.
In
the
three
plots
located
within
the
sandy
watershed
AG—l3
the
sum
of
the
average
annual
N
inputs
from
fertilization
(13
to
215
kg/ha),
rain
 
 (1
8
kg
/h
a)
an
d
ne
t
mi
ne
ra
li
za
ti
on
(7
0
to
10
0
kg
/h
a)
ra
ng
ed
fr
om
13
3
to
30
3
kg
N/
ha
.
Av
er
ag
e
an
nu
al
re
co
ve
ry
by
pl
an
ts
(a
nd
so
il
)
ra
ng
ed
fr
om
13
6
to
27
0
kg
N/
ha
.
Th
e
es
ti
ma
te
d
an
nu
al
N
lo
ss
es
fo
r
th
e
po
ta
to
,
to
ba
cc
o,
an
d
be
an
pl
ot
s
we
re
13
3,
33
an
d
—3
kg
/h
a,
re
sp
ec
ti
ve
ly
.
It
wa
s
es
ti
ma
te
d
th
at
de
ni
tr
if
ic
at
io
n
co
ul
d
ac
co
un
t
fo
r
as
mu
ch
as
50
%
of
th
e
an
nu
al
N
lo
ss
es
.
Th
e
mo
ni
to
re
d
re
su
lt
s
in
di
ca
te
d
th
at
le
ac
hi
ng
lo
ss
es
oc
cu
rr
ed
pr
im
ar
il
y
in
th
e
fa
ll
an
d
wi
nt
er
.
So
me
lo
ss
es
we
re
no
te
d
in
Ju
ne
in
re
sp
on
se
to
he
av
y
rainstorms.
On
e
of
th
e
ob
je
ct
iv
es
of
th
is
st
ud
y
wa
s
to
de
ve
lo
p
a
co
mp
ut
er
si
mu
la
-
ti
on
mo
de
l
to
pr
ed
ic
t
ni
tr
og
en
le
ve
ls
en
te
ri
ng
gr
ou
nd
wa
te
r
su
pp
li
es
fr
om
va
ri
ou
s
cr
op
pi
ng
an
d
fe
rt
il
iz
er
pr
ac
ti
ce
s.
Th
e
mo
de
l
wa
s
ca
li
br
at
ed
an
d
te
st
ed
on
th
e
19
75
an
d
19
76
re
su
lt
s
fr
om
th
e
Bu
rl
ey
to
ba
cc
o
fi
el
d
in
sa
nd
y
wa
te
rs
he
d
AG
—1
3.
Ov
er
al
l,
th
e
mo
de
l
ga
ve
a
re
as
on
ab
le
pr
ed
ic
ti
on
bu
t
le
ft
co
ns
id
er
ab
le
do
ub
t
in
so
me
as
pe
ct
s
of
N
tr
an
sf
or
ma
ti
on
pr
oc
es
se
s.
De
ni
-
tr
if
ic
at
io
n
wa
s
no
t
mo
de
ll
ed
an
d
as
a
re
su
lt
pr
ed
ic
te
d
NO
3-
N
ma
ss
es
te
nd
ed
to
be
la
rg
er
th
an
th
e
me
as
ur
ed
ma
ss
es
.
Ma
jo
r
pr
ed
ic
te
d
le
ac
hi
ng
lo
ss
es
oc
cu
rr
ed
in
th
e
fa
ll
(7
0
kg
N/
ha
)
an
d
th
ro
ug
hO
ut
wi
nt
er
wi
th
sm
al
l
IO
SS
es
in June (10 kg N/ha).
Re
me
di
al
me
as
ur
es
wh
ic
h
mi
gh
t
he
lp
im
pr
ov
e
th
e
co
ns
er
va
ti
on
of
ni
tr
og
en
and
red
uce
pol
lut
ion
fro
m
agr
icu
ltu
ral
lan
d
inc
lud
e:
car
efu
l
use
of
sol
ubl
e
N
fer
til
ize
rs
to
mee
t
cro
p
nee
ds
onl
y,
del
eti
ng
the
.ap
pli
cat
ion
of
fal
l
app
lie
d N
,
enc
our
age
men
t
of
rot
ati
ons
tha
t d
o n
ot
req
uir
e h
igh
rat
es
of
fer
til
ize
r—N
add
iti
on,
enc
our
age
men
t o
f f
iel
d c
ove
r c
rop
s t
o r
edu
ce
lea
ch—
ing
,
and
est
abl
ish
men
t
of
gra
ss
or
non
-ro
w c
rop
buf
fer
zon
es
nex
t
to
streams or where runoff is a problem.
 OBJECTIVES
One
of
the
primary
objectives
of
the
PLUARG
Task
C
Detailed
Watershed
studies
was
to
examine
probable
sources
of
nutrient
pollution
to
the
Great
Lakes.
Agricultural
activities
were
suggested
as
major
sources
of
nitro-
gen
loads
to
the
Great
Lakes.
As
a
result,
the
study
presented
here
was
initiated
to
examine
some
of
the
nitrogen
transformation
and
transport
processes
on
agricultural
land
in
order
to
quantify
and
suggest
remedial
measures
to
help
control
nitrogen
pollution
to
ground
and
surface
waters.
Two
small
agricultural
watersheds
were
selected
and
nitrogen
additions
under
different
cropping
and
fertilizing
practices
were
monitored.
Also,
at
the
mouth
of
the
respective
watersheds,
N
loss
rates
were
monitored
over
time.
The
study
was
initiated
with
the
following
objectives
in
mind:
1.
To
monitor
seasonal
changes
in
nitrogen
losses
under
various
cropping
and fertilizer practices.
2.
To
develop,
where
possible,
nitrogen
balance
and
simulation
models
to
predict
nitrogen
levels
entering
groundwater
supplies
from
various
cropping
and
fertilizer
practices
by:
(a)
Utilization
of
soil
nitrogen
characterization
data
as
an
aid
in
quantifying
nitrogen
transformations
(Kowalenko,
1977).
(b)
Utilization
of
field
data
defining
soil
water
transport
and
storage
properties
(Topp,
1978).
3.
To
relate
where
possible,
the
collected
information
to
groundwater
nitrogen
concentrations
(Gillham
et
al.,
1978)
and
nitrogen
losses
f
r
o
m
t
h
e
t
wo
w
a
t
e
r
s
h
e
d
s
s
t
u
d
i
e
d
.
4.
To
suggest
remedial
measures
or
alternative
practices
that
might
aid
in
the
reduction
of
nitrogen
loads
from
agriculture
to
surface
and
g
r
o
un
d
wa
t
e
r
supplies.
 FIELD STUDY
In
or
de
r
to
mo
ni
to
r
cu
rr
en
t
ag
ri
cu
lt
ur
al
pr
ac
ti
ce
s
an
d
to
ob
ta
in
da
ta
to
te
st
an
d
ca
li
br
at
e
a
co
mp
ut
er
mo
de
l
th
re
e
sm
al
l
pl
ot
s
we
re
es
ta
bl
is
he
d
in
Ma
y
19
75
in
ea
ch
of
a
sa
nd
y
lo
am
Wa
te
rs
he
d
(A
G—
l3
)
an
d
in
a
ti
le
dr
ai
ne
d
cl
ay
Wa
te
rs
he
d
(A
G-
01
),
bo
th
ne
ar
Le
am
in
gt
on
,
On
ta
ri
o
(F
ig
ur
e
1)
.
Wa
te
r—
sh
ed
AG
—O
l
wa
s
ap
pr
ox
im
at
el
y
52
km
z,
wi
th
la
nd
us
e
pr
ed
om
in
an
tl
y
co
rn
,
wh
ea
t,
an
d
so
yb
ea
ns
an
d
dr
ai
ne
d
in
to
th
e
lo
we
r
Th
am
es
Ri
ve
r.
Wa
te
rs
he
d
AG
—l
3
wa
s
ap
pr
ox
im
at
el
y
21
km
z,
of
pr
ed
om
in
an
tl
y
co
rn
,
to
ba
cc
o,
an
d
ho
rt
i-
cu
lt
ur
al
cr
op
s
an
d
wa
s
dr
ai
ne
d
by
Hi
ll
ma
n
Cr
ee
k
di
re
ct
ly
in
to
La
ke
Er
ie
.
Th
e
th
re
e
pl
ot
s
lo
ca
te
d
on
th
e
sa
nd
y
so
il
s
of
AG
—l
3
we
re
in
po
ta
to
(P
lo
t
1)
,
to
ba
cc
o
(P
lo
t
2)
,
an
d
so
yb
ea
n—
gr
ee
nb
ea
n
(P
lo
t
3)
fi
el
ds
.
Th
e
th
re
e
pl
ot
s
lo
ca
te
d
on
Wa
te
rs
he
d
AG
—O
l
we
re
in
wi
nt
er
wh
ea
t—
co
rn
(P
lo
t
4)
,
co
rn
—s
oy
be
an
(P
lo
t
5),
an
d
so
yb
ea
n
(P
lo
t
6)
fi
el
ds
.
Th
e
si
ze
of
ea
ch
pl
ot
wa
s
ap
pr
ox
im
at
el
y
1/
40
he
ct
ar
e
(1
5
m
x
15
m)
.
Th
e
lo
ca
ti
on
of
th
es
e
fi
el
ds
is
ma
rk
ed
on
th
e
ma
ps
in
Fi
gu
re
l.
A
mo
re
de
ta
il
ed
de
sc
ri
pt
io
n
is
giv
en
in
the
res
ult
s
sec
tio
nof
thi
s
rep
ort
.
1. Sampling
On
ce
th
e
pl
ot
s
we
re
es
ta
bl
is
he
d,
th
ey
we
re
sa
mp
le
d
pe
ri
od
ic
al
ly
th
ro
ug
ho
ut
th
e
gr
ow
in
g
se
as
on
.
So
il
sa
mp
le
s
we
re
ta
ke
n
by
au
ge
r
fr
om
th
e
0—1
0,
10-
20,
20—
30,
30—
45,
45-
60,
and
60—
75
cm
dep
ths
.
In
197
5,
six
re
pl
ic
at
es
we
re
sa
mp
le
d
ra
nd
om
ly
fr
om
th
e
pl
ot
ar
ea
an
d
ea
ch
re
pl
ic
at
e
wa
s
analyzed separately.
In
197
6,
the
fir
st
thr
ee
dep
ths
wer
e r
epl
ica
ted
nin
e t
ime
s,
the
las
t
one
s t
hre
e t
ime
s.
Soy
bea
ns,
gre
enb
ean
s,
cor
n,
and
whe
at
wer
e
sam
ple
d
bet
wee
n t
he
row
s.
The
rep
lic
ate
s o
f t
he
pot
ato
plo
t w
ere
tak
en
bet
wee
n t
he
pla
nts
, a
fte
r t
he
gro
und
had
bee
n l
eve
lle
d.
In
197
5,
thr
ee
pai
red
rep
li-
cat
es
wer
e r
emo
ved
fro
m t
he
tob
acc
o p
lot
, t
he
fir
st
rep
lic
ate
of
eac
h p
air
cen
ter
ed
on
the
sid
e—d
res
sed
fer
til
ize
r b
and
and
the
Sec
ond
of
the
pai
r
cen
ter
ed
abo
ut
30
cm
out
fro
m t
he
row
, a
dja
cen
t t
o t
he
fir
st
rep
lic
ate
.
In
197
6,
fiv
e r
epl
ica
tes
wer
e
sam
ple
d o
n t
he
fer
til
ize
r b
and
and
the
rem
ain
ing
fou
r r
epl
ica
tes
wer
e t
ake
n h
alf
way
bet
wee
n t
he
row
s.
In a
ddit
ion
to s
oil
samp
ling
seve
ral
othe
r ac
tivi
ties
were
cond
ucte
d
on e
ach
plot
.
Crop
heig
ht a
nd p
lant
dens
ity
were
meas
ured
.
Cond
itio
ns o
f
the
cro
ps
and
any
ano
mal
ies
in
the
cro
p o
r s
oil
wer
e n
ote
d.
Dat
e a
nd
type
of f
armi
ng o
pera
tion
s on
the
plot
s we
re n
oted
.
Prel
imin
ary
plan
t
sampling was initiated in 1975. In 1976, the above—ground parts of each
  
WATERSHED AG-Oi
BIG CREEK
CLAY
 
     
    
     
   
 
  
    
h__u
‘
~,
v"\
_?
-,.
.0.
_
_
my,
57
‘
L11,
‘ﬁ
‘M.n-
'E.AT
K‘
', '
'
'
'o
r‘.
5‘
<
“
—,
;"
'
#0
:
5
.
1.55
.4 L
,,
h 1
__
o 79L/ I o ‘ a I ' ‘
’r ‘ .4 s L_7Ed 9|§L&s
  
WATERSHED AG - I3
HILLMAN
2 CREEK
 
-
w
-
\
A
-
.
r
h
“
.
,
E
N
h
L
A
'
H
'
_
 
)
 
2
—
3
?
 
f APPROXIILTE LAHD usz - 197k
C ..... Corn
_ F ..... Forest (tress)
; G ..... 5:311 grains incl. whens,
‘ rye. cazs
H ..... HorL;CLl:ural crc;5 incl.
totintcvs, ". 1V5, usrnrm'us,
.uw-w'. - r:. ‘ ,“I‘L'v. $1qu1.
pOCDCCus ,
;
0
..
..
.
Or
ch
ar
da
in
cl
.
pc
ac
hc
o,
’ apples, pc;rs
~ 3 ..... Soybeans
r 000:. TQbﬂCCO
   
   
Figure
1.
Maps
of
Watersheds
AG—Ol
and
AG—l3
showing
locations
of
field
study
plots
;
—
 cr
op
we
re
sa
mp
le
d
wi
th
si
x
re
pl
ic
at
es
,
th
e
be
lo
w
gr
ou
nd
pa
rt
s
wi
th
th
re
e
re
pl
ic
at
es
,
ex
ce
pt
fo
r
to
ba
cc
o
wh
er
e
on
ly
tw
o
re
pl
ic
at
es
we
re
ta
ke
n.
Ea
ch
re
pl
ic
at
e
co
ns
is
te
d
of
on
e
pl
an
t
an
d
du
ri
ng
th
e
ea
rl
y
gr
ow
th
st
ag
es
th
e
re
pl
ic
at
es
of
a
pa
rt
ic
ul
ar
pl
ot
we
re
co
mb
in
ed
to
ob
ta
in
su
ff
ic
ie
nt
sa
mp
le
fo
r
an
al
ys
is
.
Ne
ar
th
e
en
d
of
th
e
gr
ow
in
g
se
as
on
th
e
pl
an
t
wa
s
se
pa
ra
te
d
in
to
pa
rt
s
wh
ic
h
w0
ul
d
be
re
mo
ve
d
du
ri
ng
ha
rv
es
t
an
d
on
es
wh
ic
h
wo
ul
d
be
le
ft
as
re
si
du
es
.
Th
e
so
il
ad
he
ri
ng
to
th
e
be
lo
w
gr
ou
nd
pa
rt
s
of
th
e
pl
an
t
wa
s
wa
sh
ed
of
f
be
fo
re
dr
yi
ng
,
we
ig
hi
ng
an
d
an
al
yz
in
g
th
e
sa
mp
le
.
Pl
an
t
an
al
ys
is
of
co
ve
r
cr
op
s
in
cl
ud
ed
1
m
sa
mp
le
s
of
ab
ov
e
gr
ou
nd
pa
rt
s.
In
19
76
,
tw
o
su
ct
io
n
ly
si
me
te
rs
we
re
in
st
al
le
d
on
ea
ch
pl
ot
at
90
an
d
15
0
cm
.
Wa
te
r
sa
mp
le
s
we
re
re
mo
ve
d
pe
ri
od
ic
al
ly
an
d
an
al
yz
ed
fo
r
ni
tr
at
e,
ammonium and chloride.
Tw
o
Cl
-t
re
at
ed
pl
ot
s
we
re
es
ta
bl
is
he
d
in
19
76
on
ex
is
ti
ng
pl
ot
s
to
tr
ac
e
th
e
mo
ve
me
nt
of
a
mo
bi
le
so
lu
te
,
no
t
su
bj
ec
t
to
mi
cr
ob
ia
l
tr
an
sf
or
ma
ti
on
s.
Th
e
Cl
-t
re
at
ed
pl
ot
on
th
e
sa
nd
y
Wa
te
rs
he
d
AG
—l
3
(P
lo
t
3)
wa
s
es
ta
bl
is
he
d
19
Ma
y
19
76
,
(on
e
we
ek
be
fo
re
th
e
gr
ee
n
be
an
cr
op
wa
s
pl
an
te
d)
wi
th
th
e
ap
pl
ic
at
io
n
of
38
0
kg
Cl
/h
a
br
oa
dc
as
t
as
KC
l.
A
si
mi
la
r
ch
lo
ri
de
pl
ot
wa
s
es
ta
bl
is
he
d
14
Ma
y
19
76
on
th
e
ti
le
—d
ra
in
ed
cl
ay
wa
te
rs
he
d
AG
-O
l
(P
lo
t
4)
wi
th
th
e
ap
pl
ic
at
io
n
of
317
kg
Cl
/h
a
as
KCl
.
In
ad
di
ti
on
,
on
13
Ma
y
19
76
wh
en
the
co
rn
cr
op
wa
s
pl
an
te
d
th
e
fi
el
d
re
ce
iv
ed
an
ex
tr
a
50
kg
Cl
/h
a
as
KCl (0—0-60).
2. Sample Analysis
Fro
m t
he
wel
l m
ixe
d s
and
y l
oam
soi
l s
amp
led
fro
m t
he
plo
ts
(AG
-l3
),
a
33
g
Su
bs
am
pl
e
wa
s
pl
ac
ed
in
an
er
le
nm
ey
er
fl
as
k,
10
0
ml
of
1N
K2
30
4
wa
s
ad
de
d,
an
d
th
e
mi
xt
ur
e
sh
ak
en
fo
r
1
hr.
Th
e
mi
xt
ur
e
wa
s
fi
lt
er
ed
an
d
th
e
ext
rac
t
was
use
d
for
NH4
-N,
N03
—N,
and
Cl
ana
lys
is.
The
pro
ced
ure
for
cla
ys
was
sim
ila
r,
exc
ept
a 5
0 g
sub
sam
ple
was
ext
rac
ted
wit
h
150
ml
of
1N
K23
04.
N03
—N
and
NH
-N
con
cen
tra
tio
ns
wer
e
det
erm
ine
d
by
aut
oan
aly
zer
(Ke
ay
and
Men
age
,
l9§
0
and
Qui
nn
et
al.
,
197
4).
A s
pec
ifi
c
ion
ele
ctr
ode
was
use
d t
o d
ete
rmi
ne
chl
ori
de
con
cen
tra
tio
ns.
Gra
vim
etr
ic
moi
stu
re
con
ten
ts
wer
e d
ete
rmi
ned
by
ove
n-d
ryi
ng
ove
rni
ght
at
105
°C.
Pla
nt
mat
eri
al
was
dri
ed,
gro
und
and
wei
ghe
d p
rio
r t
o t
ota
l N
ana
lys
is.
 WEATHER SUMMARY 1975-1976
Monthly
precipitation
and
temperature
values
during
the
1975—1976
field
sampling
season
are
summarized
for
watersheds
AG—Ol
and
AG—13
and
compared
to
long
term
(30
year)
climatic
normals
(Tables
1
and
2).
1. Precipitation
Precipitation
measurements
were
made
using
Belfort
weighing
recording
rain
gauges
(Sanderson,
1977)
which
were
installed
in
May
1975
on
plot
#2
in
AG-13
and
on
plot
#4
in
AG—Ol
(Figure
1).
The
information
collected
from
such
meaSurements
during
the
two
field
sampling
seasons
is
summarized
for
Hillman
Creek
(AG-13)
in
Figure
2.
From
June
1975
to
December
1976,
precipitation
was
near
normal
(+3%)
for
AG—Ol
and
significantly
above
normal
(+34%)
for
AG-13
(Table
1).
Thus,
calculated
annual
N
loss
rates
may
be
somewhat
larger
than
normal
for watershed AG—13.
Monthly
analysis
of
precipitation
data
(Sanderson,
1977)
for
AG—Ol
and
AG-13
indicate
that
the
fall
periods
(October-November)
in
1975
and
1976
were
drier
than
the
long
term
average
at
nearby
Leamington
and
one
might
expect
the
October—November
runoff
N
losses
to
be
less
than
those
occurring
under
'average'
conditions.
The
sample
period
was
also
charac—
terized
by
drier
April—May
periods
and
wetter
Junes
than
average.
Except
for
August
1975
the
summer
months
were
somewhat
drier
than
would
generally
be
typical.
In
August
1975,
although
precipitation
exceeded
the
average
by
more
than
200%,
most
of
that
excess
precipitation
could
be
accounted
for
by
the
29—30th
August
storm
(Figure
2).
On
29
August,
rainfall
in
AG-
13
(105
mm)
had
a
return
periodof
50
years.
August
1975
rainfall
for
these
watersheds
would
have
been
about
normal
but
for
this
one
storm.
For
the
1975-76
sample
period,
no
other
storm
had
a
return
period
>5
years.
2. Temperature
Mean
daily
temperatures
from
May
to
November
in
1975
and
1976
at
Harrow,
Ontario,
were
also
recorded
according
to
standard
meteorological
methods
and
are
summarized
for
these
time
periods
in
Figure
2.
These
measurements
were
made
using
maximum
and
minimum
thermometers
in
a
Stevenson
screen
at
Harrow
which
was
about
32
km
WSW
of
the
two
watersheds.
Average
monthly
temperatures
were
similar
to
Leamington
and
were
about
normal
for
the
two
summer
seasons
but
above
normal
during
the
winters
of
1974—75
and
7
—
_
_
_
_
J
 Table 1. Monthly precipitation tOtals for Watersheds AG-Ol, AG—13 and
their percent deviation from long term norms at Leamington,
  
Ontario
Watershed Watershed
Time AG-Ol AG—l3
. Precipitation Deviation* Precipitation Deviation
Period
mm X mm Z
1975 Jan. 96** +66 96** +66
Feb. 64** +23 64** +23
Mar. 72** +11 72** +11
Apr. 59** -26 59** —26
May 48** -4O 48** -40
June 141 +65 106 +24
July 30 —62 41 -48
Aug. 211 +202 232 +232
Sept. 67 —5 66 +10
Oct. 31 -48 3O —50
Nov. 52 —18 44 —30
Dec. 77 +19 74 +14
1976 Jan. 48 —16 58 -1
Feb. 64 +24 80 +55
Mar. 117 +80 121 +147
Apr. 68 —15 6O -25
May 57 —28 52 -34
June 94 +10 95 +11
July 88 +11 87 +10
Aug. 14 —80 16 77
Sept. 87 +45 93 +55
Oct. 57 -4 56 -6
Nov. 18 -71 32 -49
Dec. 17 —74 20 —69
June 75 to Dec. 76 1138 +3 1742 +34
* deviation from 30 year normalat Leamington expressed as a percent
**values were recorded at Leamington as rain gauges were not yet
established on the watersheds.
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1975—76
(Table
2).
For
example,
February was
warmer
than
expected,
espe-
cially in 1976.
The warmer February temperatures,
coupled with higher than
normal
precipitation
at
these
times,
probably
reSulted
in earlier and
larger peak
spring
runoff
events
in
these
years.
Normally
these major
runoff
events
in
this
part
of
southwestern
Ontario
occur
earlyin
March
(Coulson,
1967).
Peak
runoff
events
occurred
in both
AG-Ol
and AG-l3 on
24
February
1975
and on
16—17
February
1976.
Consequently,
spring
N
losses may
be
larger and
earlier
in
the year
than
normally expected.
3.
Precipitation
Nitrogen
Concentrations
 
The
average
total
N
concentration in
the precipitation
that
fell
on
PLUARG
watersheds
AG—Ol
and
AG—l3
from
May
1975
to
May
1976
was
2.63
mg/l
(Sanderson,
1977).
Average
N03—N was
1.27
mg/£
over
the
same
period.
NO3-N
analysis
includes
dissolved
NO3—N
and NOZ—N.
The measured
N03-N
concentration
in
the
watershed
precipitation
was
about
0.3
mg/£
less
than
the
NO3—N
concentration
mean
over
the
Lake
Ontario
basin
in
1970-1971
(Shiomi
and
Kurtz,
1973)
but
almost
double
that
of
rural
Iowa
rainfall
in
1972—1973
(Tabatabai
and
Lafleur,
1976).
Generally
considerable
variation
in
precipitation
NO3—N
OCuurs
even
within
one
storm
event
(Cooper
et
al.,
1976).
Consequently,
average
precipitation
N
content
values
which
have
been
used
to
calculate
the
loadings
(Figure
3)
were
probably
a
reasonable
long
term
approximation,
although
variation
might
be
expected.
Using
Sanderson's
(1977)
average
total
N
and
Kjeldahl
N
contents
for
the
May
1975
—
May
1976
period
and
precipitation
data
from
the
watersheds,
total
N
and
Kjeldahl
N
precipitation
loads
(kg/ha)
were
calculated
for
AG—Ol
and
AG—13
and
averaged.
The
cumulative
values
for
both
measurements
is
averaged
for
the
two
watersheds
from
May
1975
—
April
1976
(Figure
3).
The
Kjeldahl
N
measurement
included
soluble
and
particulate
organic-N
and
NH4—N.
Total
N
included
these
N
forms
plus
NO3—N
and
NOZ—N.
Roughly
equivalent
amounts
(12
kg
N/ha)
of
N
fell
annually
as
NO3-N
and
Kjeldahl
N.
The
Kjeldahl—N
componentWas
mOStimportant
during
the
spring
and
early
summer
periods
(Figure
3).
Since
this
component
includes
organic
N,
as
well
as
dissolved
NH4—N,
it
may
be
that
washed-out
suspended
materials
contribute
more
at
this
time
than
during
late
summer,
fall
and
winter.
Higher
atmospheric
particulate
concentrations
might
be
expected
during
periods
of
little
crop
cover
and
from
cultivation
that
occurs
in
the
spring
and
early
Summer
period.
'
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Wa
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l
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Ma
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75
to
Ap
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as
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N
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nc
en
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at
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at
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ra
me
te
r
Wa
te
rs
he
d
of
(m
N/
l)
De
vi
at
io
n
Samples g
NO
3—
N*
AG
—O
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The
N
parameters
measured
in
runoff
from
these
watersheds
included
total
Kjeldahl
N
(TKN)
on
the
bulk
water
samples
and
dissolved
NO3-N
and
dissolved
NH4-N
on
water
filtered
through
a
0.45
p
membrane.
Although
the
method
of
chemical
analysis
for
NO3-N
does
not
distinguish
between
NO3-N
and
N02—N,
it
is
likely
that
NO3—N
is
the
predominant
chemical
form.
In
the
discussion
which
follows,
this
measurement
will
be
referred
to
as
NO3-N.
Also,
the
sum
of
dissolved
NO3—N
+
NH4-N
was
considered
diSSOlVed
N
(DN)-
TKN
+
soluble
NO3—N
was
considered
total
N.
1. Concentration
Average
NO3—N
concentrations
were
4.86
mg/l
for
AG—l3
and
3.35
mg/l
for
AG—Ol
with
standard
deviations
of
3.22
and
4.17
mg/l
respectively
during
the
1974
to
April
1977
sample
period
(Table
3).
Watershed
AG—13
with
the
highest
N03—N
concentration
had
greater
percent
tobacco
and
vegetable
land
use,
about
the
same
corn
proportion
and
slightly
more
estimated
tile
drained
land
than
AG-Ol
(Frank
and
Ripley,
1977).
There
was
little
difference
in
average
total
Kjeldahl
nitrogen
concentrations
(TKN)
between
watersheds
with
averages
and
standard
deviations
for
AG-l3
of
l.40il.04
mg/l
and
of
l.39il.01
mg/l
for
AG—Ol.
Dissolved
NH4—N
ranged
from
0.34:0.43
mg/l
for
AG—13
to
0.21i0.31
mg/l
for
AG—Ol.
The
higher
dissolved
NH4—N
concentration
in
AG—13
may
be
a
reflection
of
the
higher
rural
housing
density
(17.3
houses/kmz)
in
this
watershed
as
compared
with
AG—Ol
(4.1
houses/km
).
The
N
concentrations
tended
to
be
higher
than
the
0.22
to
2.07
mg/l
average
total
inorganic
N
values
reported
for
less
intense
agricultural
watersheds
in
the
St.
Lawrence
Lowlands
(Neilsen
and
Mackenzie,
1977)
but
lower
than
the
10-20
mg/l
NO3-N
concen-
tration
frequently
found
in
subsurface
discharge
for
intensively
fertilized
watersheds
in
Iowa
(Burwell
et
a1.,
1976).
It
is
apparent
that
N03—N
comprises
the
bulk
of
readily
available
N
lost
in
runoff
and
consequently
most
of
the
following
discussion
will
be
concerned
with
N03—N.
The
drinking
water
standard
for
NO3—N
in
Ontario
is
10
mg
NO3—N/l.*
Over
the
sampling
period,
this
concentration
was
exceeded
by
7.82
of
the
samples
in
AG—Ol
and
by
7.5%
of
the
samples
in
AG-l3.
Concentrations
surpassed
5.0
mg
N03-N/1
24%
of
the
time
in
AG—Ol
and
47.4%
of
the
time
in
AG—13
suggesting
that
runoff
waters
were
often
at
concentrations
close
to,
but
not
exceeding,
the
NO3—N
drinking
water
standard.
The
0.3
mg/l
N
*Ontario
Water
Resource
Commission,
1970.
Guidelines
and
criteria
for
water
quality
management
in
Ontario.
Toronto.
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14
co
n
c
e
n
t
r
a
t
i
o
n
,
w
h
i
c
h
h
a
s
f
r
e
q
u
e
n
t
l
y
b
e
e
n
c
o
n
s
i
d
e
r
e
d
a
c
r
i
t
i
c
a
l
t
h
r
e
s
h
o
l
d
i
n
a
c
c
e
l
e
r
a
t
i
n
g
e
u
t
r
o
p
h
i
c
a
t
i
o
n
(
B
i
g
g
a
r
a
n
d
C
o
r
e
y
,
1
9
6
9
)
w
a
s
e
x
c
e
e
d
e
d
7
1
.
1
%
o
f
t
h
e
t
i
m
e
i
n
A
G
—
O
l
a
n
d
9
7
.
7
%
o
f
t
h
e
t
i
m
e
i
n
A
G
—
1
3
.
T
h
e
r
e
f
o
r
e
,
i
n
g
e
n
e
r
a
l
N
O
3
—
N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
r
u
n
o
f
f
w
a
t
e
r
s
c
o
n
s
i
s
t
e
n
t
l
y
d
e
m
o
n
s
t
r
a
t
e
m
a
g
n
i
t
u
d
e
s
w
h
i
c
h
w
o
u
l
d
t
e
n
d
t
o
a
c
c
e
l
e
r
a
t
e
a
l
g
a
l
g
r
o
w
t
h
i
f
n
o
o
t
h
e
r
g
r
o
w
t
h
f
a
c
t
o
r
s
w
e
r
e
l
i
m
i
t
i
n
g
.
F
o
r
b
o
t
h
w
a
t
e
r
s
h
e
d
s
,
m
o
n
t
h
l
y
a
v
e
r
a
g
e
N
O
3
—
N
s
t
r
e
a
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
t
e
n
d
e
d
t
o
b
e
h
i
g
h
e
r
d
u
r
i
n
g
t
h
e
f
a
l
l
a
n
d
w
i
n
t
e
r
p
e
r
i
o
d
s
t
h
a
n
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
m
o
n
t
h
s
.
N
O
3
—
N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
h
i
g
h
e
r
a
t
t
i
m
e
s
o
f
g
r
e
a
t
e
r
r
u
n
o
f
f
.
T
h
e
a
n
n
u
a
l
c
o
n
c
e
n
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r
a
t
i
o
n
p
a
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t
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o
r
A
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l
3
c
a
n
b
e
d
e
s
c
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b
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c
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r
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d
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.
(
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)
(
F
i
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r
e
4
)
.
T
h
i
s
r
e
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t
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n
s
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i
p
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s
c
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n
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A
G
—
O
l
(
F
i
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r
e
5
)
w
h
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r
e
J
u
n
e
a
n
d
J
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l
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N
O
3
-
N
c
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n
c
e
n
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r
a
t
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o
n
s
w
e
r
e
e
x
t
r
e
m
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l
y
v
a
r
i
a
b
l
e
.
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p
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h
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l
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t
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p
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p
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c
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Figure 6.
Relationship between mean daily discharge and NO3—N concen-
trations prior to and after a storm on 24 June 1976 in Hillman
Creek (AG-l3) Watershed.
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)
of
low
precipitation
and
excessive
evapotranspiration,
stream
concentrations
were
generally
low.
With
the
decline
in
evapotranspiration
and
recharge
0f
soil
moisture
in
the
fall,
average
stream
concentrations
increased
and
continued
at
a
high
level
until
spring
runoff,
at
which
time
completion
0f
leaching
processes
may
have
resulted
in
declining
stream
N
concentra—
tions.
Deviations
from
this
general
pattern
occurred
in
June
and
July
when
intense
summer
storms
produced
large
volumes
of
surface
runoff
and
high
NO3—N
concentrations
were
present
in
the
Surface
layers
of
watershed
soils.
2.
Flow—Concentration
Relationships
 
On
a
seasonal
basis,
higher
N03—N
concentrations
tended
to
occur
at
times
of
h
i
g
h
f
l
o
w
f
r
o
m
the
wa
t
e
r
s
h
e
d
s
.
I
n
c
r
e
a
s
e
d
N
c
o
n
c
e
n
t
r
a
t
i
o
n
at
high
flow
was
also
demonstrated
for
a
June
storm
in
AG—13
(Figure
6).
For
this
storm,
NO3—N
concentration
showed
a
pattern
of
increase
similar
to
the
i
n
c
r
e
a
s
e
in
i
n
s
t
a
n
t
a
n
e
o
us
d
i
s
c
h
a
r
g
e
a
l
t
h
o
ug
h
p
e
a
k
N
O
3
-
N
c
o
n
c
e
n
t
r
a
t
i
o
n
o
c
c
ur
r
e
d
about
12
h
o
ur
s
a
f
t
e
r
p
e
a
k
discharge.
The
m
a
g
n
i
t
u
d
e
of
c
o
n
c
e
n
t
r
a
—
tion
increase,
however,
wa
s
m
u
c
h
less
than
the
r
e
l
a
t
i
ve
i
n
c
r
e
a
s
e
in
s
t
o
r
m
discharge.
Best
fit
regression
equations
(Table
4)
relating
flow
and
dissolved
and
total
N
concentrations
were
of
the
form
in
N
=
Bo
+
B
l
a
n
-
B
2
Q
where
N
=
dissolved
or
total
N
concentration
(mg/l)
Q
d
i
s
c
h
a
r
g
e
rate
(ft
/sec)
The
relationships
between
discharge
and
concentration
showed
consider-
able
variation
(r2
ranged
between
.40
and
.50).
The
form
of
the
equations
suggested
that
maximum
stream
concentration
did
not
occur
at
maximum
discharge.
Maximum
discharge
in
both
years
in
both
watersheds
occurred
during
the
February
spring
melt
and
although
the
sine
curve
relationship
would
predict
maximum
stream
concentration
during
this
month,
actual
mean
monthly
concentrations
were
lower
than
those
at
other
times
of
the
year
(Figures
4
and
5).
This
reflected
lower
N
concentrations
in
snowmelt
runoff
which
had
a
more
limited
contact
with
the
soil
mass.
3. Loss Rates
Methods
of
Calculation
Soluble
N
loss
rates
can
be
calculated
as:
N = kCQ
wh
e
r
e
N
=
n
i
t
r
o
g
e
n
loss
rate
(mass/time)
discharge (ft3/sec)
concentration
of
nitrogen
parameter
of
concern
(mg/l)
=
constant
to
convert
losses
to
mass/unit
time
(2.45
if
losses
were
calculated
in
kg/day).
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p
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 fulfillment of these two different conditions varied from month to month.
However, such monthly differences did not result in marked annual loss
rate differences between these two methods (Table 5). NAQUADAT loss rate
values, which did not depend upon statistically derived Q-C relationships,
will be referred to when discussingseasonal N loss variation.
Magnitude of Losses
The watershed N losses discussed in this section represent N which has
moved past the stream sampling point at the drainage outlet of the water—
shed. Thus, the measurement does not include watershed N losses from deni—
trification or volatilization. Unit area N losses were calculated by
equally distributing N loss over all parts of the watershed.
Average annual total N losses for 1975—1976 were 22.2 kg N/ha and
29.4 kg N/ha for AG—Ol and AG—13, respectively. These annual losses were
about double the 1961—1967 average losses from southern Ontario tile
drains under fertilized continuouscorn (Webber and Elrick 1967, Bolton et
al. 1970) although N losses in excess of 30 kg N/ha/year were also reported.
Similar high total N losses Were found for a watershed with 33% corn
acreage in the St. Lawrence lowlands (Neilsen and Mackenzie, 1977) and N
losses as large as these have been reported in Iowa for small heavily
fertilized watersheds seeded to corn (Burwell et a1. 1974, 1976).
The
higher losses from AG—13 may reflect the greater fertilizer input primarily
on corn, tobacco and potatoes in AG—l3 (67.0 kg N/watershed hectare)
compared to AG—Ol (58.4 kg N/watershed hectare) (Frank and Ripley, 1977).
In addition, 59% of AG-l3 fertilizer N was applied under preplant conditions
at times of low crop cover.
Only 22% of N was similarly applied in AG—Ol.
Some of the greater loss rates from AG—13 reflected greater annual runoff
from this sandy watershed.
In 1976, 32 centimeters ran off AG—l3 compared
to 25 centimeters from AG-Ol.
Furthermore less excess N may have been
lost due to denitrification from the sandy watershed.
Nevertheless, total
N loss rates from either of these two watersheds were not large when
compared to the estimated 24 kg total N input/hectare from precipitation.
During the two year monitoring period, DN accounted for 87% and 64%
of the total N losses in the sandy
(AG—13) and clay (AG—01) watersheds,
respectively.
This implies that sediment associated N losses were rela—
tively more important from the clay watershed which had a higher sediment
loss rate than AG—l3 despite lower discharges (580 kg/ha versus 414 kg/ha).
Most of the dissolved N (93% for both watersheds over two years) was lost
as NO3—N indicating the predominance of N anion over N cation loss from
these agricultural watersheds.
For both watersheds, DN and TN loss rates in 1975 exceeded those
during 1976. This may in part have reflected higher runoff since 36 and 33
centimeters of runoff occurred from AG—13 during 1975 and 1976 respectively.
The comparable figures for AG-Ol were 32 centimeters in 1975 and 25 centi-
meters in 1976.
Over the whole 1975-1976 period, average annual discharges
exceeded
long
term norms
for
the
area
(Coulson,
1967)
by
28 centimeters
(100%)
in AG—Ol and by 41 centimeters
(145%) in AG—13.
Annual N loss
rates
calculated
for
this
time
period
likely also
represented
above
'average'
loss rates.
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 The monthly N loss rates closely followed the monthly distribution of
runoff as indicated by the coincidence of peak monthly discharge and DN
loss rates in February (Figure 7), the month of the peak spring runoff
event in 1975 and 1976. In addition, DN loss rates were low during September
to December 1976, at which time runoff comprised a small fraction of
annual flowfor these two watersheds. In 1976, 57.1% of AG—Ol and 67.7%
of AG—l3 annual DN losses occurred during February and March during which
time 74.2 and 67.7% of their respective annual runoff occurred. These
results supported the conclusions of Sharpley et al. (1976) that variation
in discharge rather than stream concentrations was the predominant cause
of variation in loss rates. Since most of DN losses occurred during the
December to March winter period, it was also clear that this season repre-
sented the most critical time for N loss. Reduction of soil N content
prior to December could result in a maximum annual conservation of water-
shed N.
4. Summary
For the predominantly sandy (AG-l3) and clay (AG—01) agricultural
watersheds, the following conclusions could be drawn concerning stream N
concentrations and losses.
The predominant N species lost from both these watersheds was NO3-N,
although the 10 mg/l Ontario drinking water standard was exceeded only
7% of the time. Nevertheless, especially for sandy watershed AG—13, a 0.3
mg/l N limited (for algal growth) level may prove extremely difficult to
achieve. Although there was little difference between the 2 year average
total Kjeldahl N concentrations between watersheds, 36% of total N losses
occurred as Kjeldahl-N from the clay watersheds (compared to 13% from AG-l3).
This was associated with higher sediment losses from the clay watersheds.
For both watersheds, there was a positive relationship between dis—
charge and NO3—N concentration. This had the consequence that highest
NO3—N concentrations and losses occurred during non growing season months
of high runoff (December—April). Also, increased NO3—N concentration was
associated with the increased discharge of storm runoff. This indicated
both the mobility of N at times of excess moisture and the need to be
concerned with reducing soil N content prior to the late fall, winter and
spring runoff periods.
The positive association of NO3—N — the predominant_N species lost
in runoff - with discharge helps explain the larger unit area total N losses
during a wetter 1975 compared to 1976. Also, the greater runoff from the
sandy watershed, as well as greater fertilizer rates and reduced denitri—
fication losses within this watershed may explain the larger average
annual (29 kg total N/watershed hectare) total N loss compared to the clay
watershed (22 kg N/watershed hectare). Nevertheless, unit area losses
were not large compared to estimated annual N inputs with precipitation
(24.0 kg N/watershed hectare).
.
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the 75 cm profile. Field notes indicate abundant weed growth after harvest
as the field was not cultivated. Some of the soil N was likely removed by
the growing weeds.
1976 Corn Plot
In the early winter of 1975 the field on which Plot 4 was located was
tile—drained. The stubble and weed debris were burned off before tile
installation. On 13 May 1976 the field was seeded to corn (Zea mays L.,
var. 345 Co-op) with the addition of 112 kg N/ha as urea and 67 kg N/ha as
NH4NO3. The recommended N rate* was 168 kg N/ha. The seasonal changes in
NH4—N and NO3—N levels in the 75 cm profile are shown in Figures 8 and 9.
NO3-N increased from 20 kg/ha on 12 May 1976 to 230 kg N/ha/75 cm on 16
June 1976. This increase was primarily due to the addition of 179 kg/ha
of fertilizer N and net mineralization of soil nitrogen. Total corn plant
N-uptake was 210 kg N/ha and corresponded to a decrease in readily available
soil N from approximately 300 kg/ha on 16 June to 65 kg N/ha/75 cm on 25
October 1976. The corn in Plot 4 was grown for grain production and the
stovers, husks and cobs were worked backin the soil. Generally, grain dry
matter accounts for 35-45% of the above ground dry matter production but
results are variable (43-50%, Hanway, 1962; 33—35%, Chaudhary et a1.,
1975; 28—44%, Fribourg et a1., 1976; and 42—64%, Beauchamp et a1., 1976).
Corn ears (grain, cob and husks) account for approximately 60—65% of the
above ground dry matter production (Hanway, 1962). Corn grain contains
1.42-1.78Z N while the stovers contain 0.56-0.75Z N (Chaudhary et a1.,
1975 and Beauchamp et a1., 1976). Calculations from this plot indicated
that about 97 kg N/ha was removed with the grain and 113 kg N/ha was
incorporated in the soil as stover and root debris. Pierre et a1. (1971)
showed N—uptake in grain and cobs ranging from 28 to 137 kg/ha.
N03—N and NH4-N distributions with respect to depth (Figure 9) showed
diminishing concentrations over time. By 28 June 1976 the NH4-N concentra-
tion had decreased from 60 ug/g in the surface 10 cm (20 May 1976) to less
than 5 ug/g. Most of this decrease was probably a result of nitrification.
Surface NO —N concentrations tended to remain relatively high(77 to 136
ug/g) and slowly decreased to near 10 ug/g on 25 October 1976. Most of
this decrease was probably a result of plant uptake. Leaching losses were
difficult to determine from these results. NO3—N concentrations near the
60 cm depth tended to remain less than 2 ug/g except for 25 October where
fall rains may have induced some downward N03-N movement.
Cl and NO3—N Leaching
 
In order to trace the movement of a mobile ion similar to N03—N, but
not subject to microbial activity, 317 kg Cl/ha as KCl was applied
to Plot 4 on 14 May 1976. In addition, on 13 May when the corn
crop was planted the field received an extra 50 kg Cl/ha as KCl
(0—0-60). The accumulated Cl mass (kg/ha) for the 0-20 and 0—75 cm
 
*Ontario Ministry of Agriculture and Food. 1977 Field Crop Recommendations.
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 depth intervals and the corresponding concentration distributions for C1
with respect to depth for each of the sampling times are shown in Figure
10. The 3 June sampling showed'that only 337 kg Cl/ha was recovered in
the 0-75 cm layer. The 16 June sampling gave results which were high.
The average of 16 June and 3 June chloride results might represent a
reasonable recovery rate. The chloride mass in the clay plot decreased
steadily throughout the summer from approximately 440 kg Cl/ha in early
June to near 320 kg Cl/ha/75 cm by 15 September 1976. Chloride uptake by
the corn amounted to 147 kg Cl/ha by 15 September 1976 which would account
for the steady chloride decrease during the summer. The accumulated
chloride mass in the soil increased to 395 kg Cl/ha/75 cm by 25 October
1976.
This apparent increase may have been due to sampling error and also
to chloride loss from the corn plant., The percent chloride in the corn
stalks decreased from 2.25% on 15 September to 1.46% on 25 October 1976
resulting in a loss of 56 kg Cl/ha from the corn plants. The corn crop was
harvested 30 October 1976.
By 25 March 1977 the chloride mass had decreased
to 185 kg/ha.
In terms of added Cl (367 kg/ha) there was a 69% loss
between application and early spring 1977.
During the winter period
between 25 October 1976 and 2 May 1977, the mineral N mass increased from
65 kg N/ha to 90 kg N/ha/75 cm.
Presumably any
Nloss due to winter
leaching and spring runoff was regained by early spring mineralization.
The chloride distribution patterns
(Figure 10) on the clay Plot 4
tended to parallel those of NO3-N (Figure 9) where most of the chloride
was retained near the surface.
The 25 Oct. 1976 and 24 March 1977 sampling
showed signs of leaching beyond 60 cm.
The
90
cm and 150
cm Suction
lysimeters
were
installed
14 May
1975.
Measured
NO3—N
and
Cl concentrations
are given
in
Table
6.
Although
the
profile distributions of NO3—N and Cl did not indicate substantial leaching
during
the
summer,
both
the
90
and
150 cm suction
lysimeters
showed
de~
finite concentration peaks of NO3-N and Cl on 28 June and 7 July 1976.
The tile
drain
concentrations
(near Plot
4)
also
tended
to peak
at this
time.
The
appearance of
the
early
summer
slug
of salt
was
most likely
induced
by
theheavy
rains
in
late
June
(one
storm yielded
4
cm
of
rain
Figure
2).
It
is
also
possible
that
some
of
the
salt
could
have
been
leached
down
the
side
of
the
lysimeter
tube,
but
the
nature
of
the
clay
soil suggests otherwise.
There
are
several
factors that
can
enhance
the
movement
of
NO3—N
and
C1
in
the
tile—drained
clay
soils.
The
period
of
late
May
to
early
June
was
relatively
dry
(Figure
2)
allowing
the
clay
soils
to
shrink,
opening
small
fissures
and
cracks
in
the
soil.
With
the
onset
of
a
heavy
rainstorm
these
cracks
could
act
as
channels
to
conduct
both
water
and
mobile
nu-
trients
downward.
It
was_suspected
that
even
when
these
clay
soils
are
wet
and
fully
expanded,
the
fissures
and
cracks
do
not
completely
close
and
consequently
can
act
as
important
transport
channels.
In
addition,
during
spring,
there
is
very
little
crop
cover
and
precipitation
losses
due
to
interception
are
minimal,
allowing
all
the
rain
to
reach
the
soil.
It
was
postulated
that
the
concentration
peaks
measured
with
the
lysi-
meters
and
at
the
tile
drains
were
a
direct
result
of
NO3—N
and
Cl
movement
from
the
surface
down
through
the
cracks
and
fissures
in
the
soil.
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Table 6. N03—N and Cl concentrations (ug/g) measured on suction lysimeter
samples taken from Plot 4 at 90 and 150 cm depths in 1976 and
tile drain N03-N and Cl concentrations.
   
SAMPLING NO3-N Cl
DATE
90 cm 150 cm tile 90 cm 150 cm tile
May 12 - - 5 — — -
May 20 5 2 - - — —
Jun
e 3
2
2
4
—
_
_
June 17 l 3 - 50 66
June 28 105 33 40 124 100 89
July 7 98 39 15 100 103 89
July 21 63 - 20 89 - 82
July 23 21 16 — 105 88
July '28 36 18 — - 105
Aug. 9 23 8 — 77 72
Aug. 30 — 5 - — 53
Sept. 17 - 4 12 V 14
Oct. 25 ' — 3
Nov. 12 - 3 78
Mar. 25, 1977 ‘60 21 98 156
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 Table 7.
Water table levels for Plots 5 and 6 and suction lysimeter NO3—N
concentrations in Plot 5
SAMPLING DATE
Depth of Water Table (cm)
NO3—N Concentrations (mg/1)
  
Plot 5 Plot 6 90 cm depth 150 cm depth
5 Oct. 75 235 62
29 Oct. 75 248 72
12 Nov. 75 248 61
4 Dec. 75 235 60
21 Dec. 75 198 66
19 Jan. 76 147 59
6 Feb. 76 105 52
26 Feb. 76 100 18
17 Mar. 76 105 28
23 Mar. 76 123 52
15 Apr. 76 130 38
10 May 76 107
8 June 76 143
29 June 76 148 13 5
21 July 76 180 4 8
5 Aug. 76 183 9 4
17 Sept. 76 295 ~ 2
12 Oct. 76 302 2 10
12 Nov. 76 325 - 3
7 Jan. 77 330 - -
11 Feb. 77 345 - -
10 Mar. 77 89 ‘ ‘
25 Mar. 77 91 11 6
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 The
soybean
crop
was
harvested
on
25
September
1975,
the
field
plowed,
and
winter
wheat
planted
on
30
September
with
17
kg
N/ha
as
7—28-14
broadcast.
Soybean
seed
yield
was
2352
kg/ha
(39%
of
above
ground
plant
dry
matter).
The
seeds
removed
141
N/ha,
leaving
116
kg
N/ha
to
be
incorporated
into
the field.
Plot
6
was
discontinued
in
1976.
4.
Summary
of
Nitrogen
Inputs,
Recovery
and
Losses
In
order
to
obtain
estimates
of
annual
nitrogen
losses
one
can
use
a
s
i
m
p
l
i
f
i
e
d
b
a
l
a
n
c
e
s
h
e
e
t
.
T
h
e
a
p
p
r
o
a
c
h
is
a
p
p
r
o
x
i
m
a
t
e
a
n
d
o
n
l
y
r
e
q
u
i
r
e
s
a
d
d
i
n
g
and
subtracting
known
mineral
N
inputs
and
outputs,
and
attributing
the
difference
to
leaching,
denitrification
and
immobilization
losses.
However,
in
order
to
compute
an
N
balance
some
quantitative
estimates
of
minerali—
zation must be made.
 
Estimating
Mineralization
 
The
several
methods
of
estimating
mineralization
are
only
approximate
methods.
Bremner
(1965)
has
suggested
that
the
amount
of
organic
N
mineralized
during
the
growing
season
usually
amounts
to
1
to
32
of
the
total
amount
present
(in
the
plow
layer).
Approximately
8860
(0.31%),
7830
(0.28%),
and
5600
(0.20%)
kg
organic
N/ha/20
cm
was
present
in
the
clay
soils
in
Plots
4,
5
and
6,
respectively
(Kowalenko,
1977).
Bremner's
percentages
suggest
56
to
266
kg
organic
N/ha
would
be
mineralized
(Table
8).
These
values
seem
very
large,
but
they
are
understood
to
approximate
real
miner—
alization
as
opposed
to
net
mineralization
which
includes
immobilization.
Another
method
for
estimating
mineralization
is
to
assume
that
after
many
years
of
cultivation
and
cropping
a
dynamic
equilibrium
(of
a
sort)
is
reached
where
the
inflow
and
outflow
of
organic
N
tends
to
balance
itself
(Stevenson,
1965).
Thus,
the
amount
of
organic
debris
returned
to
the
soil
is
approximately
equivalent
to
net
mineralization.
Field
studies
show
annual
plant
residues
ranging
from
52
to
236
kg
N/ha
(Table
8).
Yearly
mineralization
might
depend
upon
the
amount
and
type
of
organic
debris
added
in
the
past
year.
The
last
method
is
to
use
net
mineral
N
production
rates
calculated
from
field
or
laboratory
data.
Depending
upon
the
conditions
these
rates
can
include
leaching
and denitrification
losses.
They almost
always
include
immobilization.
Ellis
(1974)
showed
short
term
mineralization
rates
varying
from
-O.72
to
1.68,
and
averaging
0.70
kg
N/ha/day
on
an
old
field
in southern
Ontario.
Assuming
a five month
active
period,
Ellis'
average
rate
would
imply a net production
of 107
kg mineral
N/ha/year.
Kowalenko
(1977)
has
related mineral N production
(after
21 days
of
incu—
bation)
to temperature and water content.
The empirical relationship
obtained for the clay soils was as follows:
.
Net Mineralization = 2.8 (0.4177 + 0.015647 9p + 0.002 T9p —
0.025049 T)
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Tab
le
8.
Est
ima
ted
ann
ual
net
min
era
liz
ati
on
rat
es
(kg
/ha
)
for
the
til
e—
drained clay Watershed AG-Ol
Met
hod
Plo
t 4
Plo
t 5
Plo
t 6
Bremner: 1 to 3% of
org
ani
c N
(kg/
ha)
89
- 2
66
78
— 2
35
56
— 1
68
Stevenson - net wheat 58 corn 52
mineralization equals corn 113 soybeans 236 soybeans 116
plant organic debris
returned
Ellis (1965): 0.70
kg/ha/day for 5 months 107 107 107
Kowalenko (1977) - 1975 486 486 486
regression of laboratory 1976 404 404 404
incubation study
Cameron etnal (1978) — 99 — 191 99 - 191 99 — 191
Ottawa clay loam
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h
e
r
e
n
e
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
u
n
i
t
s
a
r
e
k
g
/
h
a
/
d
a
y
/
Z
O
c
m
,
9
p
=
p
e
r
c
e
n
t
w
a
t
e
r
c
o
n
t
e
n
t
(
d
r
y
w
t
.
b
a
s
i
s
)
a
n
d
T
3
s
o
i
l
t
e
m
p
e
r
a
t
u
r
e
C.
T
h
e
r
e
g
r
e
s
s
i
o
n
c
o
e
f
f
i
c
i
e
n
t
r
=
0
.
8
6
a
n
d
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
w
a
s
0
.
2
9
.
O
v
e
r
t
h
e
p
e
r
i
o
d
1
M
a
y
t
o
1
O
c
t
o
b
e
r
u
s
i
n
g
m
e
a
n
d
a
i
l
y
a
i
r
t
e
m
p
e
r
a
t
u
r
e
s
a
n
d
p
r
e
d
i
c
t
e
d
w
a
t
e
r
c
o
n
t
e
n
t
s
,
t
h
e
r
e
g
r
e
s
s
i
o
n
m
o
d
e
l
p
r
e
d
i
c
t
e
d
a
n
n
u
a
l
m
i
n
e
r
a
l
i
—
z
a
t
i
o
n
r
a
t
e
s
o
f
4
8
6
k
g
N
/
h
a
i
n
1
9
7
5
a
n
d
4
0
4
k
g
N
/
h
a
i
n
1
9
7
6
.
R
e
l
a
t
i
v
e
t
o
t
h
e
o
t
h
e
r
m
i
n
e
r
a
l
i
z
a
t
i
o
n
c
a
l
c
u
l
a
t
i
o
n
s
,
t
h
e
l
a
b
o
r
a
t
o
r
y
i
n
c
u
b
a
t
i
o
n
r
e
s
u
l
t
s
t
e
n
d
e
d
t
o
o
v
e
r
—
e
s
t
i
m
a
t
e
n
e
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
r
a
t
e
s
b
y
2
t
o
3
t
i
m
e
s
.
C
a
m
e
r
o
n
e
t
a
l
.
(
1
9
7
8
)
c
o
n
d
u
c
t
e
d
a
3
—
y
e
a
r
s
t
u
d
y
o
n
a
c
l
a
y
l
o
a
m
s
o
i
l
(
0
.
3
3
%
N
)
a
t
O
t
t
a
w
a
.
T
h
e
a
v
e
r
a
g
e
d
a
i
l
y
N
O
-
N
p
r
o
d
u
c
t
i
o
n
r
a
t
e
s
w
e
r
e
1
.
2
5
,
1
.
1
4
,
a
n
d
0
.
6
5
k
g
N
/
h
a
/
d
a
y
f
o
r
1
9
7
4
,
1
9
7
5
a
n
d
1
9
7
6
,
r
e
s
p
e
c
t
i
v
e
l
y
.
A
s
s
u
m
i
n
g
t
h
e
s
e
r
a
t
e
s
c
a
n
b
e
u
s
e
d
t
o
a
p
p
r
o
x
i
m
a
t
e
t
h
e
L
e
a
m
i
n
g
t
o
n
c
l
a
y
s
o
i
l
s
t
h
e
n
w
i
t
h
a
5
—
m
o
n
t
h
a
c
t
i
v
e
p
e
r
i
o
d
n
e
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
r
a
t
e
s
c
o
u
l
d
r
a
n
g
e
f
r
o
m
9
9
t
o
191 kg/N/ha/year.
A
p
p
r
o
x
i
m
a
t
e
N
B
a
l
a
n
c
e
A
p
p
r
o
x
i
m
a
t
e
N
b
a
l
a
n
c
e
s
f
o
r
t
h
e
c
l
a
y
s
o
i
l
s
w
e
r
e
o
b
t
a
i
n
e
d
b
y
a
d
d
i
n
g
t
h
e
i
n
p
u
t
s
o
f
r
e
a
d
i
l
y
a
v
a
i
l
a
b
l
e
N
f
r
o
m
f
e
r
t
i
l
i
z
a
t
i
o
n
,
r
a
i
n
f
a
l
l
,
a
n
d
n
e
t
m
i
n
e
r
—
a
l
i
z
a
t
i
o
n
;
s
u
b
t
r
a
c
t
i
n
g
t
h
e
r
e
c
o
v
e
r
y
o
f
N
i
n
t
h
e
p
l
a
n
t
a
n
d
s
o
i
l
;
a
n
d
a
s
s
u
m
i
n
g
t
h
e
d
i
f
f
e
r
e
n
c
e
t
o
b
e
l
o
s
t
b
y
l
e
a
c
h
i
n
g
,
d
e
n
i
t
r
i
f
i
c
a
t
i
o
n
,
v
o
l
a
t
i
l
i
z
a
t
i
o
n
,
o
r
r
u
n
o
f
f
.
T
h
e
s
e
p
a
r
a
t
i
o
n
of
t
h
e
s
e
l
o
s
s
e
s
r
e
q
u
i
r
e
s
m
o
r
e
r
e
f
i
n
e
d
,
i
n
t
e
n
s
i
v
e
r
e
s
e
a
r
c
h
.
L
o
s
s
e
s
b
y
i
m
m
o
b
i
l
i
z
a
t
i
o
n
w
e
r
e
a
s
s
u
m
e
d
to
b
e
a
c
c
o
u
n
t
e
d
f
o
r
b
y
n
e
t
mineralization.
In
d
r
a
wi
n
g
up
an
a
p
p
r
o
xi
m
a
t
e
balance
sheet
some
intuitive
j
ud
g
e
m
e
n
t
wa
s
needed.
The
crop
year
was
chosen
to
run
f
r
o
m
the
fall
of
the
p
r
e
vi
o
us
ye
a
r
to
the
fall
of
the
current
year.
This
r
o
ug
h
l
y
p
a
r
a
l
l
e
l
s
the
h
yd
r
o
l
o
—
g
i
c
a
l
w
a
t
e
r
year.
In
addition,
it
a
l
l
o
we
d
a
c
o
m
p
l
e
t
e
g
r
o
wi
n
g
year
for
fall
fertilized
winter
wheat.
The
estimation
of
the
yearly
net
mineralization
component
was
based
on
the
estimates
in
Table
8
and
adjusted
depending
upon
the
incorporation
of
plant
material
from
the
previous
year.
The
adjustments
were
subjective
but
it
was
felt
that
a
previous
crop
such
as
soybeans
returned
a
fair
amount
of
organic-N
readily
available
for
decom—
position,
more
so
than
corn
or
wheat.
Average
masses
of
N
incorporated
from
wheat,
corn,
and
soybean
debris
were
58,
82
and
176
kg
N/ha.
Thus,
fields
previously
sown
to
soybeans
were
estimated
to
mineralize
about
180
kg
organic
N/ha
while
other
fields
only
mineralized
80—90
kg
N/ha/year.
Soil
recovery
was
calculated
as
the
difference
between
available
N
at
the
end
of
the
season
and
that
of
the
previous
season.
The
authors
realize
some
of
these
estimates
are
rather
tenuous
as
the
fall
1974
nitrogen
results
were
unknown
and
had
to
be
estimated.
In
addition,
the
point
marking
the
end
of
a
season
and
the
beginning
of
another
were
not
always
consistent
from
year
to
year
and
depended
on
the
crops
grown.
The
soil
recovery
figure
could
easily
be
150%
its
estimated
value
(Table
9).
More
years
of
data
are
required
to
obtain
reliable
yearly
estimates.
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 Th
e
ni
tr
og
en
ma
ss
ba
la
nc
e
re
Su
lt
s
in
cl
ud
in
g
in
pu
ts
,
re
co
ve
ry
,
an
d
lo
ss
es
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
9
fo
r
ea
ch
of
th
e
cl
ay
pl
ot
s.
Th
e
re
su
lt
s
we
re
av
er
ag
ed
ov
er
th
e
tw
o
ye
ar
s
of
th
e
st
ud
y
wh
er
e
po
ss
ib
le
.
Av
er
ag
e
an
nu
al
N
in
pu
ts
fr
om
fe
rt
il
iz
at
io
n,
ra
in
an
d
mi
ne
ra
li
za
ti
on
ra
ng
ed
fr
om
17
5
to
28
3
kg
/h
a.
On
th
e
av
er
ag
e
mi
ne
ra
li
za
ti
on
an
d
fe
rt
il
iz
er
in
pu
ts
we
re
si
mi
la
r,
al
th
ou
gh
th
ei
r
re
la
ti
ve
im
po
rt
an
ce
va
ri
ed
co
ns
id
er
ab
ly
fr
om
yea
r
to
yea
r.
Ave
rag
e
ann
ual
nit
rog
en
rec
ove
ry
by
the
pla
nts
and
soi
l
ran
ged
fro
m 1
14
to
202
kg
N/h
a.
The
est
ima
ted
ann
ual
N
los
ses
(pr
ima
ril
y
by
lea
chi
ng
and
den
itr
ifi
cat
ion
)
ran
ged
fro
m 6
1 t
o 8
1 k
g N
/ha
.
The
div
isi
on
bet
wee
n d
eni
tri
fic
ati
on
and
lea
chi
ng
is
dif
fic
ult
to
mak
e.
In
a n
umb
er
of
lon
g—t
erm
exp
eri
men
ts
run
nin
g
for
8'1
6 y
ear
s
in
New
Yor
k a
nd
Con
nec
tic
ut,
All
iso
n (
195
5)
ind
ica
ted
tha
t a
ver
age
yea
rly
den
itr
i-
fic
ati
on
los
ses
can
ran
ge
fro
m 2
4 t
o 4
7 k
g N
/ha
.
Fir
th
et
al.
(197
3)
cal
cul
ate
d
a d
eni
tri
fic
ati
on
los
s o
f a
ppr
oxi
mat
ely
41
kg
N/h
a f
rom
a c
orn
fie
ld
in
84
day
s.
Kis
sel
et
al.
(197
6)
cal
cul
ate
d d
eni
tri
fic
ati
on
los
s u
nde
r s
org
hum
to b
e 24
kg N
/ha
in 5
8 da
ys.
Kowa
lenk
o (1
978)
and
Kowa
lenk
o an
d Ca
mero
n
(197
8) h
ave
show
n th
at d
enit
rifi
cati
on i
s mo
st a
ctiv
e in
the
spri
ng a
nd
earl
y su
mmer
seas
ons.
Thei
r de
nitr
ific
atio
n lo
sses
were
abou
t 40
% of
the
added fertilizer 15N and amounted to about 45 kg N/ha in a clay loam soil
near Ottawa. Chichester and Smith (1975) estimated loss by denitrification
to range from 5 to 30% of the fertilizer applied. An accounting of the
15N for the period of their field lysimeter study showed that approximately
30% was leached in percolate and less than 2% was moved in runoff.
On the basis of the above review, denitrification could account for
approximately 50% of the 61 to 81 kg N/ha lost each year.
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Table
9.
Approximate
nitrogen
mass
balances
(kg
N/ha/yr)
for
plots
on
tilendrained
clay
Watershed
AG—Ol
 
Inputs
 
1975
1976
A
v
e
.
Recovery
 
1975
1976
Ave.
Loss
Plot
4
Fertilizer
Added
Rainfall
N
Net
Mineralization
Plot
5
Fertilizer
Added
Rainfall
N
Net
Mineralization
Plot
6
Fertilizer
Added
Rainfall
N
Net
Mineralization
9
2
18
180
179
18
80
1
3
5
18
130
2
9
0
2
0
3
18
180
2
7
7
1
8
9
0
2
8
3
101
1
8
13
5
401
17
1
8
ﬁ
g
175
108
254
Soil
Recovery
Crop
Recovery
Soil Recovery
Crop
Recovery
Soil
Recovery
Crop
Recovery
-13
150
137
150
7
5
—40
154
1
1
4
5
6
2
1
0
2
6
6
2
1
4
1
1
9
22
180
202
18
2
184
81
7
O
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SANDY LOAM WATERSHED AG—13 RESULTS
 
1. Plot 1: Potato N Results
1975 Potato Plot
Plot 1 was located at the west end of AG—l3 on Berrien sandy loam
(Gleyed Brunisolic, Mersea Twp., Lot 3, Conc. 4). Winter wheat was planted
in the fall of 1972 with 38 kg N/ha as 34—0-0 (NH4N03) broadcast with the
seed and 38 kg N/ha as 34-0-0 applied in the spring of 1973. In 1974 Flue
tobacco was planted in the field with 22 kg N/ha band applied as 2-12—14.
After the tobacco was harvested a cover crop of wheat with no fertilizer
was planted. This cover crop was plowed under for green manure in the
spring of 1975. Early potatoes (Solanum tuberosum L., var. Superior) were
planted on 6 April 1975 with 112 kg N/ha as 10-20—30 bandapplied. This
was almost double the recommended rate* of 67 kg N/ha for early potatoes.
Because the plot was established in July 1975 and the potatoes were
harvested 11 July, no plant and soil samples were taken during the potato
growing season.
The first soil samples were taken 16 July 1975 and ryegrass
was seeded on 10 August 1975.
The nitrogen loss from the 0—75 cm profile
between the first and second sampling was 9l kg/ha (see Figure 14) with 49
kg N/ha tied up
inthe ryegrass (De Jong and Cameron et a1., 1977) and 20 kg
N/ha remained in the soil.
The net loss of 42 kg N/ha was thought to be
mainly due to leaching.
The soil had a large hydraulic conductivity
(Topp, 1976) and was subject to some heavy rainstorms between the two
sampling times (Figure 2).
The
crop
was
disked
on
20
November
1975.
The
increase
in
soil
N
content
near
the
end
of
the
year
could
be
partly
due
to
mineralization
of
freshly added ryegrass material.
1976 Potato Plot
In
1976
the
potato
plot
was
relocated
to
an
adjacent
field,
which
had
the
same
previous
cropping
history
as
the
1975
potato
plot.
Early
potatoes
were
planted
in
the
field
on
6
April
1976
with
168
kg
N/ha
as
15-15-15.
sidedressed
during
planting
time.
'
*Ontario
Ministry
of
Agriculture
and
Food.
1976.
Vegetable
production
recommendations.
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Figure 14. Accumulated NO —N and extractable NH -N masses (kg N/ha/depth),
fertilizer addltion and crop uptake ﬁkg N/ha) for the 1975 and
1976 potato Plot 1, Watershed AG—13.
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—
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d
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4
-
N
l
e
v
e
l
s
i
n
t
h
e
7
5
c
m
p
r
o
f
i
l
e
a
r
e
s
h
o
w
n
i
n
F
i
g
u
r
e
s
1
4
a
n
d
15.
T
h
e
i
n
i
t
i
a
l
r
a
p
i
d
i
n
c
r
e
a
s
e
i
n
s
o
i
l
n
i
t
r
o
g
e
n
w
a
s
d
u
e
t
o
t
h
e
f
e
r
t
i
l
i
z
e
r
a
d
d
i
t
i
o
n
a
n
d
m
i
n
e
r
a
l
i
z
a
t
i
o
n
o
f
t
h
e
p
l
o
w
e
d
-
u
n
d
e
r
w
i
n
t
e
r
w
h
e
a
t
c
r
o
p
.
A
f
t
e
r
1
8
M
a
y
1
9
7
5
t
h
e
N
H
4
-
N
c
o
n
t
e
n
t
d
e
c
r
e
a
s
e
d
r
a
p
i
d
l
y
,
w
h
i
l
e
t
h
e
N
O
3
-
N
c
o
n
t
i
n
u
e
d
t
o
i
n
c
r
e
a
s
e
f
o
r
a
n
o
t
h
e
r
t
w
o
w
e
e
k
s
a
n
d
t
h
e
n
b
e
g
a
n
to fall off rapidly.
T
o
t
a
l
p
l
a
n
t
u
p
t
a
k
e
a
c
c
o
u
n
t
e
d
f
o
r
8
0
k
g
N
/
h
a
,
o
f
w
h
i
c
h
5
5
%
w
a
s
t
a
k
e
n
o
f
f
t
h
e
l
a
n
d
w
i
t
h
t
h
e
t
u
b
e
r
s
.
M
u
c
h
o
f
t
h
e
1
3
7
k
g
N
/
h
a
t
h
a
t
c
o
u
l
d
n
o
t
b
e
a
c
c
o
u
n
t
e
d
f
o
r
w
a
s
b
e
l
i
e
v
e
d
to
h
a
v
e
l
e
a
c
h
e
d
f
r
o
m
t
h
e
p
r
o
f
i
l
e
.
T
h
e
N
0
3
—
N
d
i
s
t
r
i
b
u
t
i
o
n
p
r
o
f
i
l
e
s
o
n
14
J
u
n
e
a
n
d
5
J
u
l
y
1
9
7
6
i
n
d
i
c
a
t
e
d
t
h
a
t
a
s
l
u
g
of
NO3—N
had
moved
downward.
A
r
a
t
h
e
r
u
n
e
x
p
e
c
t
e
d
i
n
c
r
e
a
s
e
in
N
O
3
—
N
c
o
n
t
e
n
t
of
t
h
e
S
u
r
f
a
c
e
0
—
2
0
c
m
d
e
p
t
h
o
c
c
u
r
r
e
d
a
f
t
e
r
the
p
o
t
a
t
o
e
s
w
e
r
e
h
a
r
v
e
s
t
e
d
o
n
5
J
u
l
y
1
9
7
6
.
It
w
a
s
t
h
o
u
g
h
t
t
h
a
t
p
o
s
s
i
b
l
y
the
3.8
c
m
r
a
i
n
o
n
10
J
u
l
y
1
9
7
6
w
a
s
h
e
d
s
o
l
u
b
l
e
n
i
t
r
a
t
e
s
f
r
o
m
the
leaves
and
stalks
wh
i
c
h
we
r
e
left
b
e
h
i
n
d
o
n
the
land.
A
c
o
ve
r
crop
of
rye
was
seeded
on
14
September
1976
w
i
t
h
no
f
e
r
t
i
l
i
ze
r
addition.
By
12
October
1976
the
rye
had
accumulated
25
kg
N/ha.
This
c
o
ve
r
crop
was
p
l
o
we
d
un
d
e
r
in
the
early
spring
of
1977.
W
a
t
e
r
Table
and
Suction
L
ys
i
m
e
t
e
r
Results
A
water
table
well
was
installed
in
Plot
1
during
the
fall
of
1975,
and
the
depth
to
the
water
table
was
recorded
from
15
April
1976
to
25
March
1977
(Table
10).
The
water
table
was
about
60
to
70
cm
below
the
soil
surface
during
the
spring
of
1976.
During
the
summer,
fall
and
winter,
the
level
fell
and
by
11
February
1977,
it
was
down
to
152
cm.
Then,
as
a
result
of
spring
melt
and
runoff
it
rose
to
105
cm
below
the
surface
by
25
March
1977.
The
suction
lysimeters
installed
during
the
spring
of
1976
at
90
and
150
cm
indicated
a
"slug"
of
N03-N
moving
through
the
soil.
The
90
cm
N03—N
concentrations
increased
from
9
mg/l
on
14
June
1976
to
34
mg/l
on
24
June
1976.
This
might
have
been
a
direct
result
of
the
3.9
cm
rain
that
fell
on
24
June
1976.
A
corresponding
increase
at
the
150
cm
level
occurred
two
weeks
later.
During
the
fall
of
1976
the
N03—N
concentrations
remained
high
at
the
90
cm
level,
but
decreased
over
winter
to
3
mg/l
on
25
March
1977.
The
150
cm
readings
were
near
8
mg/l
during
the
fall
of
1976
and
increased
to
15
m
g
/
l
o
n
25
M
a
r
c
h
1977.
2.
Plot
2:
Tobacco
N
Results
1975 Tobacco Plot
Plot
2 was
located
on Berrien sandy
loam
(Mersea Twp.,
Lot
8,
Con.
4)
and
was
used
during
the
past
four
years
to
grow
Burley
tobacco.
In
1973
approximately
67
kg
N/ha
as
3—18—18
and
114
kg
N/ha
as
34-0-0
was
applied.
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Tab
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Wat
er
tab
le
lev
els
and
suc
tio
n
lys
ime
ter
NO3
—N
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cen
tra
tio
ns
in Plot 1
Sa
mp
li
ng
Da
te
wa
tg
ip
éz
bi
z
(c
m)
NO
3—
N
co
nc
en
tr
at
io
n
(m
g/
l)
90 cm depth 150 cm depth
15 April 1976 70
28
Apr
il
197
6
l
3
5 M
ay
197
6
l
l
10 May 1976 62
18 M
ay
1976
l
1
31 May 1976 9 1
8 June 1976 72
14 June 1976 9 l
24
Jun
e
197
6
34
1
30 June 1976 82
5
Ju
ly
19
76
36
9
27 July 1976 98
5 Aug. 1976 87
13 Sept. 1976 130
17
Sep
t.
19
76
21
5
25 Sept. 1976 115
12
Nov
.
197
6
28
8
25 Nov. 1976 137
17 Dec. 1976 145
7 Jan. 1977 146
11 Feb. 1977 152
10 Mar. 1977 120
25 Mar. 1977 105 3 15
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In
1974
the
fertilizer
increment
was
112
kg
N/ha
as
5-10-15
and
171
kg
N/ha
as
34—0-0.
In
both
years
a
cover
crop
of
wheat
was
seeded
after
the
tobacco
harvest
was
completed.
The
cover
crop
was
plowed
under
when
it
was about 20 cm tall.
In
1975
Burley
tobacco
(Nicotiana
tabacum,
var.
Kentucky
2110)
was
planted
22
May
with
a
side
dressing
of
50
kg
N/ha
as
5—10—15.
The
soil
was
sampled
for
the
first
time
29
May
1975
and
contained
163
kg
N/ha
(Figure
16).
The
nitrogen
content
on
19
June
1975
was
245
kg/ha
and
the
total
N
addition
between
the
first
and
second
sampling
time
was
25
kg
N/ha
(on
18
June,
sidedressed
as
5—10—15).
Since
the
nitrogen
accumulation
by
the
plants
was
only
4
kg
N/ha,
it
appeared
that
about
61
kg
N/ha
was
mineralized,
provided
that
no
nitrogen
losses
occurred
in
the
system.
However
the
profile
distribution
curves
(Figure
17)
showed
that
on
19
June
1975
a
"slug"
of
NO3—N
was
moving
downward,
most
likely
in
response
to
the
3.0
cm
rainfall
on
15
June
1975.
 
On
27
June
1975
another
130
kg
N/ha
as
34-0-0
was
applied,
so
that
the
total
amount
of
fertilizer
applied
to
the
plot
was
205
kg
N/ha
which
was
almost
double
the
recommended
rate
of
112
kg
N/ha.*
The
tobacco
crop
accumulated
196
kg
N/ha
(or
about
93%
of
the
added
fertilizer)
in
the
83
days
between
planting
and
harvest
time.
During
the
harvest
(13
August
1975)
the
leaves
and
stalks
removed
from
the
plot
accounted
for
89%
of
the
total accumulated nitrogen.
A
cover
crop
of
winter
wheat
was
seeded
in
early
September
1975,
with
no
fertilizer
additions.
The
crop
was
plowed
under
for
green
manure
in
the spring of 1976.
1976 Tobacco Plot
Monitoring
of
the
established
plot
in
1975 continued
in 1976.
Over
winter
losses
of N03—N
on
the plot
(Figure
16)
between
19 November
1975
and 28 April
1976
amounted
to
30 kg N/ha.
Exchangeable NH4—N
increased
from 13 kg
N/ha
on
19 November
1975
to 48
kg N/ha on 28 April
1976.
This
was
thought
to
be
due
to
the
decomposition
and
ammonification of
the
plowed-under cover crop.
The tobacco was planted 24 May 1976 with 118 kg N/ha band applied as
5—10—15.
Additiona1_fertilizer increments of 93 kg N/ha as 34—0-0 and 14
kg N/ha as 5—10-5 were applied on 4 June 1976 and 22 June 1976, respectively.
The total nitrogen uptake by the tobacco crop during its 84 day
growing season from 24 May to 16 August 1976 was 175 kg N/ha, which was
78% of the added fertilizer.
At harvest time 152 kg N/ha was removed from
the
land
through
the
leaves
and
stalks.
Definite signs oerO3—N losses by leaching were evident by mid-summer
and fall (Figure 17).
Downward movement of NO3—N on 21 June
1976was due
*Ontario Ministry of Agriculture and Food. 1977. Tobacco production recom-
mendations.‘
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Figure
17.
Nitrogen
concentrations
(ug/g)
in
the
0—75
cm profile
of
the
1975
and 1976
tobacco Plot 2, Watershed AG-13.
 
 to a 2 cm rain on 17 June. A 3.9 cm rain on June 23 added to the NO3-N
losses. Fall rains also caused considerable NO3—movement as is evidenced
by the 23 September 1976 and 18 October 1976 profile distributions.
A cover crop of winter wheat was planted on 8 September 1976 with no
added fertilizer. This crop was plowed under on 20 April 1977.
Water Table and Suction Lysimeter Results
The results of the water table readings from Plot 2 are shown in
Table 11. A similar pattern to that on Plot 1 was observed: during the
growing season through to the fall the water table was decreasing, but a
rapid increase in response to snowmelt was noted on 19 December 1975 and
25 March 1977.
The results from the suction lysimeters indicated that the N03—N
concentrations at the 90 cm level remained rather low during the spring
and summer of 1976, but increased to 13 mg/l on 12 November 1976; a "slug"
of NO3—N was moving through the 90 cm zone at that time. The NO3—N con—
centrations from the samples taken at 150 cm were consistently higher than
the comparable ones at the 90 cm level.
It was thought that an accumulation
of NO3-N at the 150 cm level might be the result of four or more years of
heavy N fertilization.
3. Plot 3: Soybean and Greenbean N ReSults
 
1975 Soybean Plot
Plot
3,
which was
tile—drained
40—50
years
ago
was
located
on Berrien
sandy
loam
(Mersea
Twp.,
Lot
237,
12
and
13
sideroad
north
of
Hwy.
3).
The
soil
profile
of
this
plot
was
not
as
uniform
as
Plots
1
and
2,
because
irregular
clay
lenses
appeared
at
50—55
cm
depth.
Occasionally,
during
sampling,
a
perched
water
table
was
encountered
above
these
clay
lenses.
Prior
to
the
establishment
of
the
plot
in
1975,
green
beans
were
grown
on
the
field
for
two
years
in
a
row.
In
both
years
68
kg
N/ha
as
10-2-5
was
applied,
half
of
it
during
the
fall,
and
the
other
half
during
planting
time.
The
field
was
plowed
each
year
to
a
depth
of
15—20
cm.
In
1975
soybeans
(Glycine
max,
var.
Amsoy)
were
planted
on
25
May
with
no
additional
fertilizer.
Soil
NO3-N
mass
decreased
from
52
kg
N/ha
on
4
June
1975
to
less
than
15
kg
N/ha
on
23
September
1975
(Figure
18).
Although
part
of
the
decrease
was
due
to
plant
uptake,
the
excessive
rains
on
29
August
(10.5
cm)
and
30
August
(4.5
cm)
also
contributed
to
the
loss.
Plant
accumulation
of
nitrogen
amounted
to
305
kg/ha,
not
all
from
the
soil.
H
a
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i
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W
a
t
e
r
table
levels
and
suction
l
ys
i
m
e
t
e
r
NO
in Plot 2
3-N concentrations
Sampling Date
Depth to
Water Table (cm)
N03—N concentrations (mg/l)
 
90 cm depth 150 cm depth
3 Oct. 1975 116
29 Oct. 1975 137
12 Nov. 1975 134
4 Dec. 1975 130
19 Dec. 1975 74
23 Feb. 1976 40
17 Mar. 1976 66
23 Mar. 1976 70
15 Apr. 1976 86
10 May 1976 76
27 May
1976
108
6
21
9 June
1976
128
24
21 June
1976
1
19
30 June 1976 119
5 July 1976 124 3 21
20 July 1976 4 20
4 Aug. 1976 162 4 18
24 Aug. 1976 3 18
30 Aug. 1976 177
17 Sept. 1976 189 4 15
8 Oct. 1976 164
12 Nov. 1976 13 15
7 Jan. 1977 160
11 Feb. 1977 189
10 Mar. 1977 119
25 Mar. 1977 80 2 16
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Ha
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d
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be
r
(1
97
1)
wh
o
re
po
rt
ed
ab
ov
e—
gr
ou
nd
up
ta
ke
fo
r
so
yb
ea
ns
va
ry
in
g
fr
om
26
6
to
29
9
kg
N/
ha
,
wi
th
ap
pr
ox
im
at
el
y
65
to
85
%
of
th
e
ab
ov
e—
gr
ou
nd
N
in
th
e
se
ed
.
No
co
ve
r
cr
op
wa
s
pl
an
te
d
af
te
r
th
e
so
yb
ea
n
ha
rv
es
t.
1976 Greenbean Plot
Gr
ee
nb
ea
ns
(P
ha
se
ol
us
vu
lg
ar
is
,
va
r.
Mi
da
s
wa
x)
we
re
pl
an
te
d
on
Pl
ot
3
on
26
Ma
y
19
76
wi
th
31
kg
N/
ha
ba
nd
ap
pl
ie
d
as
8-
32
-1
6.
So
il
NO
3—
N
le
ve
ls
de
cr
ea
se
d
fr
om
54
kg
N/
ha
on
7
Ju
ne
19
76
to
23
kg
N/
ha
on
20
Ju
ly
19
76
.
Pa
rt
of
th
is
de
cr
ea
se
is
du
e
to
pl
an
t
up
ta
ke
,
bu
t
un
do
ub
te
dl
y
th
e
he
av
y
ra
in
s
in
th
e
pe
ri
od
fr
om
th
e
mi
dd
le
of
Ju
ne
19
76
to
th
e
mi
dd
le
of
Ju
ly
19
76
al
so
co
nt
ri
bu
te
d
to
th
e
lo
ss
:
th
e
pr
of
il
e
of
N0
3-
N
co
nc
en
tr
at
io
ns
(F
ig
ur
e
19
)
sh
ow
ed
a
de
fi
ni
te
le
ac
hi
ng
pa
tt
er
n
on
21
Ju
ne
an
d
7
Ju
ly
19
76
.
Th
e
cr
op
wa
s
ha
rv
es
te
d
on
23
Ju
ly
19
76
.
Ap
pr
ox
im
at
el
y
75
%
of
th
e
ac
cu
mu
la
te
d
11
7
kg
N/
ha
wa
s
re
tu
rn
ed
to
th
e
so
il
as
st
em
an
d
ro
ot
ma
ss
.
Th
e
N0
3—
N
le
ve
ls
in
th
e
75
cm
pr
of
il
e
(F
ig
ur
e
18
)
in
cr
ea
se
d
ra
pi
dl
y
af
te
r
th
e
gr
ee
n
be
an
s
we
re
ha
rv
es
te
d
an
d
th
e
st
em
s,
le
av
es
an
d
ro
ot
s
st
ar
te
d
to
de
co
mp
os
e.
Ho
we
ve
r,
du
ri
ng
th
e
fa
ll
of
19
76
an
d
wi
nt
er
of
19
76
—7
7,
al
l
of
th
e
mi
ne
ra
li
ze
d
ni
tr
og
en
wa
s
le
ac
he
d
fr
om
th
e
up
pe
r
20
cm
of
th
e
so
il
pr
of
il
e,
as
is
in
di
ca
te
d
by
th
e
pr
of
il
e
di
st
ri
bu
ti
on
pa
tt
er
ns
of
NO
3-
N
(F
ig
ur
e
19)
on
13
Se
pt
em
be
r
19
76
,
18
Oc
to
be
r
19
76
an
d
2
Ma
y
19
77
.
A
co
ve
r
cr
op
of
wi
nt
er
wh
ea
t
wa
s
se
ed
ed
13
Oc
to
be
r
19
76
,
wi
th
no
fer
til
ize
r
app
lie
d.
0n
4 M
ay
197
7
the
cov
er
cro
p w
as
plo
wed
und
er
for
green manure.
Cl and NOq-N Leaching
In
ord
er
to
exa
min
e
the
mov
eme
nt
of
a m
obi
le
ani
on
sim
ila
r
to
N03
—N,
but
not
sub
jec
t t
o m
icr
obi
al
tra
nsf
orm
ati
ons
, 3
80
kg
Cl/
ha
as
KCl
was
app
lie
d o
n P
lot
3 o
n 1
9 M
ay
197
6.
In
add
iti
on
on
26
May
197
6 w
hen
the
cro
p w
as
pla
nte
d t
he
fie
ld
rec
eiv
ed
an
add
iti
ona
l 2
0 k
g C
l/h
a a
s 8
-32
-16
.
The
acc
umu
lat
ed
C1
mas
s (
kg/
ha)
for
the
0—2
0 a
nd
0-7
5 c
m d
ept
h i
nte
rva
ls
and
the
cor
res
pon
din
g c
onc
ent
rat
ion
dis
tri
but
ion
s f
or
eac
h o
f t
he
sam
pli
ng
tim
es
are
sho
wn
in
Fig
ure
20.
The
ave
rag
e o
f 6
Jun
e 1
976
and
21
Jun
e
197
6
val
ues
(395
kg
C1/
ha)
rep
res
ent
s a
99%
rec
ove
ry
of
the
add
ed
chl
ori
de.
The
resu
lts
of t
he 2
6 Ma
y 19
76 s
ampl
ing
imme
diat
ely
afte
r fe
rtil
izat
ion
were
very
low;
the
fert
iliz
er g
ranu
les
had
not
yet
diss
olve
d an
d di
sper
sed,
increasing operator bias and sampling error.
The distribution of C1 in the soil profile indicated that by 7 July
1976 there was a definite slug of chloride peaking near 15 cm. The 3.8 cm
rain on 10 July increased downward movement. During the same period the
green beans showed maximum accumulation of nitrogen. Chloride could also
I have been accumulated by the plants. Although plant chloride analysis was
‘f not conducted, the chloride decrease in the soil may partly be a result of
rw plant removal (Bernstein and Ayers, 1951). After plant harvest (23 July
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0
0
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O
1
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0
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4
o
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6
0
$
9
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1
3
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I8
‘
M
A
Y
2
l
9
7
6
'1
1
9
7
7
C
u
m
u
l
a
t
i
v
e
c
h
l
o
r
i
d
e
m
a
s
s
(
k
g
/
h
a
)
f
o
r
0
—
2
0
a
n
d
0
—
7
5
c
m
d
e
p
t
h
intervals and corresponding concentration distributions for
C1 with respect to depth for each of the sampling times on
1976 greenbean Plot 3, Watershed AG—l3.
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6)
the
ste
ms
and
lea
ves
wer
e p
low
ed
int
o t
he
soi
l a
nd
the
mob
ile
pla
nt
chl
ori
de
was
rel
eas
ed.
Fie
ld
not
es
for
18
Aug
ust
197
6 i
ndi
cat
ed
con
sid
era
ble
evi
den
ce
of
pla
nt
res
idu
e i
n t
he
10—
20
cm
dep
th.
As
a r
esu
lt,
the
soi
l
chl
ori
de
inc
rea
sed
but
bec
aus
e o
f t
he
low
rai
nfa
ll
the
pos
iti
on
of
the
chloride peak did not shift.
Rai
n (
9.2
cm)
bet
wee
n 1
3 S
ept
emb
er
and
18
Oct
obe
r 1
976
cau
sed
app
re-
cia
ble
chl
ori
de
mov
eme
nt,
i.e.
200
kg
C1/
ha
or
50%
of
the
add
ed
C1
was
lost
from
the
75 c
m pr
ofil
e.
NO3~
N ma
ss i
ncre
ased
duri
ng t
he s
ame
peri
od
and N—losses were probably masked by N—gains from mineralization.
During the winter no further losses of chloride occurred in the 0—75
cm profile although the 2 May 1977 profile distribution showed that almost
all of the chloride had accumulated at the lower depths in the profile.
Chloride readings on the water samples (Table 12) at 90 cm increased
from 12 mg/l on 17 September 1976 to 63 mg/l on 22 October 1976, then to
250 mg/l on 12 November 1976 and decreased to 220 mg/l on 25 March 1977.
The readings at 150 cm also increased steadily with time, indicating a
steady loss of chloride through the soil.
NO3-N concentrations at the 90 cm and 150 cm depth remained fairly
constant during the period of measurement (7 June 1976 — 12 November
1976), except that on 12 November a slug of NO3-N appeared to be passing
the 90 cm depth.
4. Summary of Nitrogen Inputs, Recovery and Losses
 
Estimating Mineralization
 
Estimates of annual nitrogen losses can be obtained by using a simplified
balance sheet. However, in order to compute the N balance some quantitative
estimates of mineralization must be made.
Approximately 2400, 2930 and 2000 kg organic N/ha/ZO cm was present
in the sandy loam soils on Plots 1, 2 and 3 respectively. Bremner's (1965)
percentages, as discussed previously, suggested that 20 to 88 kg organic
N/ha would be mineralized (Table 13, also see discussions for clay watershed).
Using Stevenson's (1965) approach the net mineralization rate ranged
from about 63 kg N/ha for Plot 2 to 108 kg N/ha when soybeans were grown
on Plot 3 in 1975.
Allison (1955) reviewed a number of long—term lysimeter studies on
various soil types. The net mineralization rates (kg N/ha/year) on sandy
loam soils ranged from 21 to 75 kg N/ha/year, with most rates falling
between 34 and 45 kg N/ha/year.
Kowalenko (1977) related mineral N production in a laboratory study
to temperature and water content.
The empirical relationship obtained for
the sandy loam soils was as follows:
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Table
12.
Suction
lyismeter
Cl
and N03-N
concentrations
in
Plot
3,
Watershed AG-l3
Cl
Concentration
(mg/l)
N03-N
concentration
(mg/l)
 
Sampling Date
90
cm depth
150
cm depth
90
cm depth
150 cm depth
7 June
1976
16
14
22
June
1976
15
15
7 July
1976
18
18
23
July
1976
18
19
3
Sept
1976
14
15
12
11
17
Sept
1976
12
14
4
15
22 Oct.
1976
63
38
16
14
12 Nov.
1976
250
46
34
18
25 Mar.
1977
220
86
34
27
Table 13.
Estimated annual net mineralization rates (kg/ha) for the
sandy loam Watershed AG-13
Method Plot 1 Plot 2 Plot 3
Bremner: l to 3% 24 — 72 29 - 88 20 - 60
of organic N (kg/ha)
Stevenson - net
mineralization equals potatoes 46 tobacco 23 soybeans 108'
plant organic debris cover crop 59_ cover crop §Q_ green beans 88
returned 86 63
Adlis°n.‘ “8t 21 — 75 21 - 75 21 — 75
mineralization
Kowalenko — regression
of lab. incubation 85 - 106 85 - 106 85 - 106
study
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Ne
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
=
2.
8
(—
0.
01
53
8
+
0
.
0
0
1
4
7
0
TO
p
—
0.
00
47
47
T
+
0.008489 9p)
wh
er
e
ne
t
mi
ne
ra
li
za
ti
on
un
it
s
ar
e
kg
N/
ha
/d
ay
/Z
O
cm
,
9p
=
pe
rc
en
t
wa
te
r
c
o
n
t
e
n
t
(d
ry
wt
.
ba
si
s)
,
an
d
T
=
so
il
t
e
m
p
e
r
a
t
ur
e
(C
).
Th
e
re
gr
es
si
on
co
ef
fi
ci
en
t
r
=
0.
45
an
d
th
e
st
an
da
rd
de
vi
at
io
n
wa
s
0.
19
.
Ov
er
th
e
pe
ri
od
1
Ma
y
to
1
Oc
to
be
r
us
in
g
da
il
y
me
an
ai
r
te
mp
er
at
ur
es
an
d
pr
ed
ic
te
d
wa
te
r
co
nt
en
ts
,
th
e
re
gr
es
si
on
mo
de
l
pr
ed
ic
te
d
an
nu
al
mi
ne
ra
li
za
ti
on
ra
te
s
of
10
6
kg
N/
ha
in
19
75
an
d
85
kg
N/
ha
in
19
76
.
Approximate N Balance
Ap
pr
ox
im
at
e
N
ba
la
nc
es
fo
r
th
e
sa
nd
y
lo
am
so
il
s
we
re
ob
ta
in
ed
in
th
e
sa
me
wa
y
as
de
sc
ri
be
d
fo
r
th
e
cl
ay
so
il
s
ea
rl
ie
r.
Ag
ai
n
it
sh
ou
ld
be
po
in
te
d
ou
t
th
at
th
e
ne
t
mi
ne
ra
li
za
ti
on
es
ti
ma
te
s
fr
om
Ta
bl
e
13
ar
e
ap
pr
ox
-
im
at
e
an
d
co
ul
d
co
nt
ai
n
a
fi
ft
y
pe
rc
en
t
er
ro
r.
Th
e
ni
tr
og
en
ma
ss
ba
la
nc
e
re
su
lt
s
in
cl
ud
in
g
in
pu
ts
,
re
co
ve
ry
an
d
lo
ss
es
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
14
fo
r
ea
ch
of
th
e
sa
nd
y
lo
am
pl
ot
s.
Wh
er
e
po
ss
ib
le
th
e
re
su
lt
s
we
re
av
er
ag
ed
ov
er
th
e
tw
o
ye
ar
s
of
th
e
st
ud
y.
Av
er
ag
e
an
nu
al
N
in
pu
ts
fr
om
fe
rt
il
iz
at
io
n,
ra
in
an
d
ne
t
mi
ne
ra
li
za
ti
on
ra
ng
ed
fr
om
13
3
to
30
3
kg
/h
a.
Av
er
ag
e
an
nu
al
ni
tr
og
en
re
co
ve
ry
by
th
e
pla
nts
and
soi
l
ran
ged
fro
m 1
36
to
270
kg/
ha.
The
est
ima
ted
ann
ual
N
los
ses
wer
e
133
and
33
kg/
ha
for
Plo
ts
1 a
nd
2 r
esp
ect
ive
ly,
whi
le
Plo
t
3
showed an average gain of 3 kg N/ha.
Th
e
av
er
ag
e
ni
tr
og
en
ga
in
in
Pl
ot
3
ac
co
rd
in
g
to
th
e
N
ba
la
nc
e
me
th
od
is
con
tra
dic
tor
y t
o t
he
res
ult
s o
bta
ine
d f
rom
the
acc
umu
lat
ed
N-m
ass
ove
r
tim
e a
nd
pro
fil
e d
ist
rib
uti
on
cur
ves
.
Thi
s d
isc
rep
anc
y i
s d
ue
to
the
fac
t
tha
t t
he
N b
ala
nce
des
cri
bes
a s
tat
ic
sit
uat
ion
, w
hil
e t
he
oth
er
met
hod
s
des
cri
be
the
dyn
ami
c s
itu
ati
on
whi
ch
is
act
ual
ly
occ
urr
ing
in
the
fie
ld.
A d
isc
uss
ion
on
the
div
isi
on
bet
wee
n d
eni
tri
fic
ati
on
and
lea
chi
ng
was
presented for the clay soils and is not repeated here.
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Table
14.
Approximate
nitrogen
mass
balances
(kg
N/ha/yr)
for
plots
on
sandy
loam
Watershed
AG—13
INPUTS
RECOVERY
LOSSES
   
1975
1976
Ave.
1975
1976
Ave.
Plot
1
Fertilizer
added
168
*Soil
recovery
23
Rainfall
N
18
Crop
recovery
120
Net
mineralization
__jﬂ1
276
143
133
Plot
2
Fertilizer
added
205
225
215
Soil
recovery
0
90
45
Rainfall
N
18
18
18
Crop
recovery
236
215
225
Net
mineralization
7O
70
70
293
313
303
236
305
270
33
Plot
3
Fertilizer
added
0
31
13
Soil
recovery
—20
31
5
Rainfall
N
18
18
18
*Crop
recovery
167
94
131
Net
mineralization
90
_119_
100
108
159
133
147
125
136
-3
AVE
=
54
 
*
Soil
recovery
calculated
by
averaging
fall
samplings
taken
after
harvest
and
subtrating
previous
fall
averages.
**Soybean
crop
recovery
assumed
40%
N—fixation
and
green
bean
recovery
assumed
20%
N—fixation.
 
 TILE DRAINS
A
p
p
r
o
x
i
m
a
t
e
l
y
85
%
of
th
e
c
l
a
y
W
a
t
e
r
s
h
e
d
A
G
—O
l
is
t
i
l
e
-
d
r
a
i
n
e
d
an
d
g
r
e
a
t
e
r
th
an
90
%
of
th
e
sa
nd
y
l
o
a
m
W
a
t
e
r
s
h
e
d
A
G
—1
3
is
t
i
l
e
—d
r
a
i
n
e
d
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Th
us
,
on
e
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n
ex
pe
ct
a
la
rg
e
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rt
io
n
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th
e
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ri
ng
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r
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d
nu
tr
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nt
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in
g
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h
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dr
ai
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e
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o
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rs
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.
Al
th
ou
gh
th
e
st
ud
y
pr
es
en
te
d
in
th
is
do
cu
me
nt
wa
s
no
t
or
ig
in
al
ly
se
t—
up
to
sp
ec
if
ic
al
ly
st
ud
y
ti
le
dr
ai
n
lo
ss
es
,
it
is
im
po
rt
an
t
to
re
vi
ew
an
d
do
cu
me
nt
th
e
na
tu
re
an
d
qu
an
ti
ti
es
of
nu
tr
ie
nt
s
lo
st
th
rO
ug
h
ti
le
dr
ai
ns
.
Ni
tr
og
en
re
ac
hi
ng
th
e
dr
ai
na
ge
ti
le
is
a
pr
od
uc
t
of
th
re
e
di
ff
er
en
t
processes:
1.
Pr
od
uc
ti
on
of
mi
ne
ra
l
ni
tr
og
en
in
th
e
so
il
an
d
th
e
ad
di
ti
on
of
fe
rt
i-
lizers;
2.
Th
e
ut
il
iz
at
io
n
of
ni
tr
og
en
by
pl
an
ts
or
ot
he
r
si
nk
s;
an
d
3.
Th
e
ra
te
of
mo
ve
me
nt
of
th
e
ni
tr
og
en
th
ro
ug
h
th
e
so
il
in
th
e
pe
rc
ol
at
-
ing water.
Be
ca
us
e
of
th
e
di
ff
us
e
na
tu
re
of
ag
ri
cu
lt
ur
al
la
nd
,
it
is
di
ff
ic
ul
t
to
es
ti
ma
te
th
e
am
ou
nt
s
of
nu
tr
ie
nt
s
in
dr
ai
na
ge
wa
te
r
fr
om
th
es
e
ar
ea
s.
Me
as
ur
em
en
ts
of
mo
bi
le
ni
tr
og
en
at
di
ff
er
en
t
de
pt
hs
in
th
e
so
il
pr
of
il
e
wi
ll
gi
ve
an
in
di
ca
ti
on
of
po
te
nt
ia
l
mo
ve
me
nt
,
bu
t
th
e
am
ou
nt
ac
tu
al
ly
en
te
ri
ng
th
e
gr
ou
nd
wa
te
r
or
su
rf
ac
e
wa
te
r
(v
ia
ti
le
dr
ai
ns
)
wi
ll
de
pe
nd
on
th
e
ra
te
of
wa
te
r
mo
ve
me
nt
th
ro
ug
h
th
e
so
il
,
to
th
e
ti
le
dr
ai
n,
an
d
beyond the tile drain.
Re
ce
nt
ly
,
so
me
in
ve
st
ig
at
or
s
ha
ve
me
as
ur
ed
nu
tr
ie
nt
lo
ad
in
gs
fr
om
va
ri
ou
s
ag
ri
cu
lt
ur
al
ti
le
dr
ai
n
sy
st
em
s.
A
su
mm
ar
y
of
th
e
re
su
lt
s
of
th
es
e
in
ve
st
ig
at
io
ns
is
gi
ve
n
in
Ta
bl
e
15.
On
e
of
th
e
in
it
ia
l
st
ud
ie
s
ca
rr
ie
d
ou
t
wa
s
by
Bo
lt
on
et
al.
(19
70)
on
sm
al
l
ti
le
d
pl
ot
s.
Th
e
ye
ar
ly
ave
rag
e
nit
rog
en
con
cen
tra
tio
ns
(mg
/1)
fro
m t
hes
e
til
e
dra
ins
ran
ged
fro
m
1.1
on
fer
til
ize
d b
lue
gra
ss
sod
to
14.
0 o
n f
ert
ili
zed
cor
n o
n r
ota
tio
n.
The
mea
n a
nnu
al
loa
din
gs
(kg
/ha
/yr
)
fro
m t
he
fer
til
ize
d p
lot
s w
ere
0.7
for
blu
egr
ass
,
6.0
for
oat
s a
nd
alf
alf
a,
and
15.
0 f
or
cor
n.
Bol
ton
et
al.
(137
0)
ind
ica
ted
tha
t i
n a
ny
one
yea
r t
he
val
ue
cou
ld
go
as
hig
h a
s 3
0
kg ha.
 
Eric
kson
and
Elli
s (1
971)
obta
ined
load
ing
rate
s of
12.1
and
8.4
kg
NO3
-N
ha/
yr
fro
m t
wo
far
ms
in
Mic
hig
an
(Ta
ble
15)
.
The
ir
res
ult
s
rep
res
ent
only one year's data.
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 A
large
study
was
conducted
by
M
i
l
l
e
r
(1975)
who
m
o
n
i
t
o
r
e
d
tile
d
r
a
i
n
e
f
f
l
ue
n
t
from
both
organic
and
m
i
n
e
r
a
l
soils.
A
s
um
m
a
r
y
of
some
of
his
r
e
s
u
l
t
s
f
o
r
t
h
e
m
i
n
e
r
a
l
s
o
i
l
s
w
e
s
t
o
f
C
h
a
t
h
a
m
i
s
g
i
v
e
n
i
n
T
a
b
l
e
15.
T
h
e
w
e
i
g
h
t
e
d
a
v
e
r
a
g
e
y
e
a
r
l
y
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
N
O
3
-
N
f
r
o
m
t
h
e
t
i
l
e
s
in
t
h
e
s
e
soils
ranged
from
4.4
to
15.7
mg/l.
The
organic
and
N
H
4
~
N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
a
n
g
e
d
f
r
o
m
0
.
6
0
to
3
.
1
0
mg/l.
A
v
e
r
a
g
e
y
e
a
r
l
y
n
i
t
r
o
g
e
n
(
N
0
3
+
N
H
4
+
o
r
g
.
)
l
o
a
d
s
l
o
s
t
t
h
r
o
u
g
h
t
i
l
e
d
r
a
i
n
s
r
a
n
g
e
d
f
r
o
m
4
.
0
t
o
6
5
.
1
k
g
/
h
a
.
T
h
e
l
o
w
e
s
t
l
o
s
s
of
N
f
r
o
m
t
i
l
e
d
r
a
i
n
s
(4
k
g
/
h
a
/
y
r
)
w
a
s
f
r
o
m
a
s
a
n
d
y
s
o
i
l
c
r
o
p
p
e
d
to
c
o
n
t
i
n
u
o
u
s
c
o
r
n
w
i
t
h
150
k
g
N
/
h
a
a
p
p
l
i
e
d
e
a
c
h
ye
a
r
.
T
h
e
l
a
r
g
e
s
t
l
o
s
s
e
s
w
e
r
e
f
r
o
m
a
n
a
r
e
a
w
i
t
h
c
l
a
y
o
v
e
r
S
i
C
L
(58.8
k
g
N
/
h
a
/
y
e
a
r
)
a
n
d
f
r
o
m
h
i
g
h
o
r
g
a
n
i
c
f
i
n
e
s
a
n
d
y
s
o
i
l
o
v
e
r
c
l
a
y
(
6
5
.
1
k
g
N
/
h
a
/
y
r
of
w
h
i
c
h
1
0
.
4
k
g
w
e
r
e
f
r
o
m
the
N
H
4
a
n
d
o
r
g
a
n
i
c
f
r
a
c
t
i
o
n
s
)
.
T
h
e
c
l
a
y
o
v
e
r
S
i
C
L
s
o
i
l
s
w
e
r
e
f
a
i
r
l
y
h
e
a
v
i
l
y
f
e
r
t
i
l
i
z
e
d
,
i.e.,
c
o
r
n
r
e
c
e
i
v
i
n
g
1
9
0
k
g
N
/
h
a
,
s
o
y
b
e
a
n
s
r
e
c
e
i
v
i
n
g
15
kg
N
/
h
a
,
c
u
c
u
m
b
e
r
s
r
e
c
e
i
v
i
n
g
1
9
0
k
g
N
/
h
a
,
a
n
d
w
h
e
a
t
r
e
c
e
i
v
i
n
g
20
kg
N/ha.
The
high
organic
sandy
soil
was
c
o
n
t
i
n
uo
us
l
y
c
r
o
p
p
e
d
to
corn
and
r
e
c
e
i
ve
d
215
kg
N/ha/year.
M
i
l
l
e
r
(1975)
has
p
o
i
n
t
e
d
out
that
f
e
r
t
i
l
i
za
t
i
o
n
at
rates
higher
than
r
e
c
o
m
m
e
n
d
e
d
tend
to
result
in
a
signi—
f
i
c
a
n
t
c
o
n
t
r
i
b
u
t
i
o
n
of
N
O
3
-
N
to
g
r
o
u
n
d
w
a
t
e
r
a
n
d
/
o
r
t
i
l
e
d
r
a
i
n
a
g
e
w
a
t
e
r
.
Tile
d
r
a
i
n
samples
collected
f
r
o
m
the
n
e
w
l
y
tiled
field
n
e
a
r
the
1976
c
o
r
n
Plot
4
on
W
a
t
e
r
s
h
e
d
AG-Ol
had
N
0
3
—N
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
a
n
g
i
n
g
f
r
o
m
6
mg/l
in
May
and
early
June,
increasing
to
60
mg/l
at
the
end
of
June,
and
then
rapidly
dropping
and
remaining
near
17
mg/l
until
the
tiles
stopped
\
f
l
o
wi
n
g
in
July.
Tile
d
r
a
i
n
samples
c
o
l
l
e
c
t
e
d
f
r
o
m
va
r
i
o
us
p
o
i
n
t
s
a
c
r
o
s
s
Watershed
AG—l3
in
the
spring
of
1977
(10—14
March)
had
NO3—N
concentrations
ranging
from
4.6
to
43.5
mg/l
and
averaging
about
10
mg/l.
Two
samples
collected
from
Watershed
AG—Ol
during
that
time
had
N03—N
concentrations
of 17 and 24 mg/l.
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l
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i
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p
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.
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.
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.
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c
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u
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-
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(Clay loam)
(c
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ll
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97
5)
-
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s
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at
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m,
On
ta
ri
o
-
av
er
ag
e
an
nu
al
lo
ss
es
(1
97
2-
73
)
Av
er
ag
e
Ye
ar
ly
Co
nc
.
Av
er
ag
e
Ye
ar
ly
Lo
ad
To
ta
l
  
(
m
g
/
1
)
(
k
g
/
h
a
)
Y
e
a
r
l
y
La
nd
Us
e
NO
3-
N
Or
g.
+
NO
B-
N
Or
g.
+
N
Lo
ad
NB
A-
N
NH
A-
N
(k
g/
ha
)
Si
te
5
-
co
rn
&
so
yb
ea
ns
15
.7
0.
60
56
.6
2.
2
58
.8
- clay over SiCL
Si
te
6
-
co
rn
,
so
yb
ea
ns
&
ba
rl
ey
6.
0
0.
64
16
.6
1.
8
18
.4
- clay
Si
te
7
-
wh
ea
t
&
so
yb
ea
ns
5.
2
0.
90
13
.0
2.
3
15
.3
— clay
Si
te
8
-
co
rn
,
be
et
s
&
be
an
s
8.
1
1.
60
15
.2
3.
0
18
.2
— clay
Si
te
9
-
co
rn
5.
4
0.
94
3.
4
0.
6
4.
0
- deep sand loam
Sit
e 1
0-
cor
n
4.4
0.7
2
8.1
1.4
9.5
- clay
Sit
e 1
1-
soy
bea
ns&
cor
n
9.4
0.9
1
13.
8
1.2
15.
0
- sandy loam over clay
Sit
e 1
2-
cor
n
15.
8
3.1
0
54.
7
10.
4
65.
1
- sand over clay
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The monitored N03-N and Cl results from the tile—drained clay Watershed
AG—Ol and sandy Watershed AG—lS suggested that there was not excessive
movement of mobile salts during the Summer,
except perhaps during certain
wet periods.
Most of the leaching, tile—drain and run-off losses of Cl and
NO3—N probably occurred during fall, winter,
and spring.
However,
the
type
of monitoring
that was
conducted
in
this
study
did not
give
a clear
picture of the fall to spring losses.
In 1973 a study was initiated at the Harrow Research Station (Dr. W.
Findlay) to continuously monitor N03—N movement using ceramic suction cups
placed at 61, 122, 183, 244, and 305 cm depths below a corn field.
The
)
study was initiated on June 29, 1973, with the application of 560 kg N/ha
as NH4NO3 and solution samples were removed periodically throughout the
year for analysis.
1. Model Development
The data was also used to test and calibrate water and salt transport
models, viz.
89 8 89
‘E'- 3; D(9)3; - K(9) (1)
39C 3 1 3C C
7—5; D ( ,e>ea—X-3— (2)
where G = volumetric water content (cm3/cm3)
t = time
x = depth 2
D(G) = diffusivity function (cm /day)
K(6) = hydraulic conductivity function (cm/day)
C = solute concentration (mg/l)
Dl(v,9) = hydrodynamic dispersion coefficient
q = water flux = cm3/cm2—day = cm/day
The hydraulic conductivity and diffusivity functions were derived
from field-measured drying curves and field—measured saturated hydraulic
conductivities using the Millington-Quirk procedure (Jackson, 1972). A
brief summary of the field results including bulk densities, saturated
hydraulic conductivities, Z sand, 2 clay, and desorption curve data are
63
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(c
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c
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7
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1
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2
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2
4
5
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1
9
4
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7
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2
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7
5
7
5
0
5
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H
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2
0
.
4
1
2
.3
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.3
75
.363
.
3
9
2
.3
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.
3
8
5
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.3
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.353
.363
.
3
4
0
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.
3
2
6
.347
.3
36
.346
.3
20
.1
98
.
3
0
2
.3
39
.3
14
.3
11
.2
77
.164
.2
54
.
2
9
2
.
2
8
2
.
2
6
2
.239
.1
45
.199
.
2
1
2
.2
53
.2
18
.199
Ta
bl
e
17.
Va
lu
es
fo
r
th
e
K(
9)
an
d
D(
9)
fu
nc
ti
on
s
us
ed
in
th
e
co
mp
ut
er
si
mu
la
ti
on
mo
de
l.
 
Lay
er
0.
.
60
cm
60
-
10
0
cm
10
0
—
20
0
cm
.
3
8
.37
.39
1
9
2
1
3
0
a
35
.
50.
4
0
.
D
0
4
5
0
0
0
40
00
0
52
00
0
25
1.
55
35
1
.
5
0
27
1.
60
 given
in
Table
16.
Saturated
hydraulic
conductivities
were
measured
with
an
air
entry
permeameter
(Bouwer,
1966
and
Topp
and
Binns,
1976).
For
purposes
of
computer
simulation
the
soil
was
divided
into
three
layers,
based
primarily
on
the
data
in
Table
17.
The
hydraulic
conductivity
and
diffusivity
functions
were
fitted
to
exponential
functions:
K(9) = K exp (-a(9 - 9)) (3)
and S S
D(9)
=
Do
exp
(—b(9S
-
9))
(4)
where
KS
=
saturated
hydraulic
conductivity
a
=
slope—factor
for
conductivity
function
GS = saturated water content
D0
=
intercept
of
the
diffusivity
function
b
=
slope-factor
for
diffusivity
function
The values for the K(9) and D(G) parameters used
in the model are
given
in Table
17.
The
parameter magnitudes
below
100 cm were
estimated
as
field
physical
characterization
did not extend
this
deep.
The explicit
finite
difference method
was used
to
solve
equations
(1)
and (2).
Initial water contents and NO3—N concentrations were defined for
a 200
cm profile and
the
computer
simulation was
run on
the
data from
1
Nov. 1973 to 31 May 1974.
The model was applied to this time period
because most of the NO3—N movement took place between late fall and early
spring.
The surface flux boundary was derived from rainfall and snowmelt
measurements made at the Harrow Research Station (Figure 21). All rainfall
was assumed to enter the soil on the same day it fell and evaporation was
considered to be negligible for this time period.
The water equivalent of
the snow was assumed to be 0.1 if it fell on a day with no rainfall.
It
was estimated that about 20% of this snow was lost due to wind and sublimation.
Snow that fell on a rainy day was assumed to have a water equivalent of
0.15 and none was lost due to wind or sublimation. Snow was accumulated,
but not melted when the average daily temperature was below 0.0 C. Snowmelt
was arbitrarily defined to occur at a rate of 0.5 cm water/C/day.
2. fredicted Results
The predicted (solid lines) and measured results for Nov. 1973
to May 1974 are shown in Figure 22.By early December a "slug" of NO3-N had
reached the 61 cm suction cup; by early February the NO3—N concentration
peak was near 122 cm; and by early May the "slug" of N03—N appeared to
peak at 183 cm. Both the predicted and observed results show similar
trends. As the pulse of N03—N moved down the profile it became more
diffuse; the peak concentration decreased with depth. On the whole, the
computer simulation tended to Show more of a spread than the original
data.
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e
pr
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at
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d
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2
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ra
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e
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ux
.
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ra
l
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d
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ly
ha
ve
re
du
ce
d
ne
t
do
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Th
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n
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w
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n
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re
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n
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e
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t
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es
th
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e
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n
12
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d
18
3
cm
co
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d
lo
we
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he
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c
co
nd
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ti
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ty
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th
is
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ye
r
an
d
ca
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e
th
e
ob
se
rv
ed
di
sc
re
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nc
y.
Th
e
re
su
lt
s
ha
ve
sh
ow
n
th
at
a
co
ns
id
er
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ou
nt
of
NO
3—
N
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ve
me
nt
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ke
s
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ac
e
be
tw
ee
n
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te
fa
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an
d
ea
rl
y
sp
ri
ng
(F
ig
ur
e
22
).
Be
tw
ee
n
No
v.
1,
19
73
an
d
Ma
y
31
,
19
74
,
th
e
NO
3—
N
pe
ak
ha
d
mo
ve
d
pa
st
th
e
18
3
cm
de
pt
h.
It
wa
s
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nt
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e
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y
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N
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e
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.
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One
of
the
primary
objectives
of
this
study
was
to
develop,
test,
and
apply
a
nitrogen
and
water
transport
simulation
program
to
predict
nitrogen
levels
entering
groundwater
on
agriculture
soils.
This
was
a
very
diffi—
cult
task
as
it
involved
quantification
of
many
related
nitrogen
processes
including
mineralization,
nitrification,
plant
uptake,
leaching,
and
denitrification
in
a
field
situation.
These
specific
processes
are
under-
stood
qualitatively
but
they
are
very
difficult
to
quantify,
especially
in
a
dynamic
field
situation.
However,
several
researchers
have
made
some
interesting
if
not
exacting
attempts
to
quantify
the
N—system
(Beek
and
Frissel,
1973;
Burns,
1974
and
1976;
Cameron
and
Kowalenko,
1976;
Duffy
and
Franklin,
1972;
Duffy
et
a1.
1975;
Dutt
et
al.,
1972;
Feddes
et
al.,
1974;
Frere
et
al.,
1970;
Fried
et
al.,
1976;
Hagin
and
Amberger,
1974;
Jury
et
al.,
1976;
Saxton
et
al.,
1977;
and
Tanji
et
al.,
1977).
The
purpose
of
the
modelling
effort
in
this
study
was
to
attempt
to
quantify
the
soil-plant
N—system
in
the
field.
This
required
understanding
the
specifics
of
simultaneous
water
and
salt
flow
through
field
soils.
Thus,
the
study
was
designed
to
develop
a
water
transport
model
with
a
root
extraction
sub-model.
In
addition,
the
important
nitrogen
processes
had
to
be
quantified
and
a
salt
transport
model
was
developed
to
account
for
the
movement
of
the
mobile
nitrogen.
The
tobacco
plot
2
sandy
AG—13was
selected
as
the
most
desirable
location
to
attempt
model
development.
The
clay
plots
were
excluded
because
of
the
difficulty
in
quantifying
water
movement
in
cracked
clay
soils.
The
potato
and
bean
plots
would
also
have
been
adequate
except
the
potato
plot
had
only
a
one—year
data
base
and
the
bean
plot
received
very
little
fertilizer.
The
tobacco
plot
was
selected
because
it
included
the
largest
data
base
and
received
heavy
fertilizerapplications
that
were
closely monitored.
1. Model Development
The water transport equation follows that outlined by equation (1)
presented
in the previous section, but with the addition of a root—uptake
function, viz.
if}. a
86
- 8t 5;- D<e>8x
K(6)
_
R
(5)
where R — root uptake function (cm HZO/day).
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 size
distribution
and
a number
of
source-sink
terms
to
simulation
nitrogen
transformations
in
the
soil.
Two
rates
of
net mineralization
were used;
one
to
account
for
the
rapid
release
of
NH4-N
from decomposition
of
fresh
plant materials
(i.e.
roots
and
cover
crops)
and
the
second
to
account
for
the
slow release of
N
from the
indigenous
organic material
present
in
the
soil.
The
two
rates
are
given
below:
M=O'lk
dt
1
0Nf
(fast
mineralization)
(ll)
9§EAZE~=
0.003
kl
ONi
(slow
mineralization)
(12)
where ONf = mass of fresh or recently added organic material
ONi
mass of indigenous or slowing decomposing organic materials
The rate coefficient for mineralization kl was a function of tempera-
ture
and water
content
(Kowalenko,
1977),
viz.,
k1 = 0.025 + 0.002 T9 — 0.008 T
(13)
The rate of nitrification was given by the following relationship:
dNO3-N = _
dt
k2 (NH4 N)
(14)
where the nitrification rate coefficient kg was a function of temperature
and water content, i.e.
k2 = 0.0007 T0
(15)
Most of the available ammonium was assumed to remain on the soil
exchange and considered to be relatively immobile. Downward transport of
N was predominantly through the NO3-N ion. Uptake of N by roots was set
proportional to the measured N uptake in the field. The removal from the
soil was a function of rooting density and salt concentration, similar to
the methodology discussed for water uptake.
An important nitrogen function that was not accounted for by the
model was denitrification. It is known that the rate of this process is
dependent upon the degree of aeration, supply of readily available carbon,
and temperature. However, the quantitative relationship for a given field
situation is not known and difficult to measure. In this study the lack
of denitrification will be reflected in a build—up of NO3-N and eventually
in the leaching losses of NO3-N.
2. Model Results
A comparison of the 1975 simulation results and field measured for
N0 -N mass balance and profile distributions are shown in Figures 23 and
24, respectively. The predicted NO3-N masses were generally higher than
NO3-N masses measured in the field (Figure 23). Increases in N03-N were
71
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Figure 23.
Prediced NO3
from the 197 5 tobacco plot (AG—13).
-N mass in soil and predicted NO
3—N mass leached
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 REMEDIAL MEASURES
O
n
e
of
t
h
e
o
b
j
e
c
t
i
v
e
s
of
t
h
e
G
r
e
a
t
L
a
k
e
s
S
t
u
d
y
(IJC
T
a
s
k
G
r
o
u
p
C)
w
a
s
to
s
ug
g
e
s
t
a
l
t
e
r
n
a
t
i
v
e
m
e
a
s
u
r
e
s
that
could
be
used
to
reduce
p
o
l
l
u
t
i
o
n
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
land.
In
particular,
this
study
is
c
o
n
c
e
r
n
e
d
wi
t
h
n
i
t
r
o
g
e
n
l
o
s
s
e
s
.
F
r
o
m
t
h
e
p
o
i
n
t
of
V
i
e
w
of
t
h
e
f
a
r
m
i
n
g
s
y
s
t
e
m
s
in
t
h
e
G
r
e
a
t
L
a
k
e
s
r
e
g
i
o
n
s
t
h
e
r
e
a
r
e
two
o
t
h
e
r
i
m
p
o
r
t
a
n
t
r
e
a
s
o
n
s
f
o
r
p
r
e
v
e
n
t
i
n
g
n
i
t
r
o
g
e
n
l
o
s
s
e
s
.
F
i
r
s
t
,
n
i
t
r
o
g
e
n
is
an
i
m
p
o
r
t
a
n
t
c
r
o
p
n
u
t
r
i
e
n
t
r
e
q
u
i
r
e
d
f
o
r
g
r
o
w
t
h
a
n
d
y
i
e
l
d
and,
s
e
c
o
n
d
,
r
e
p
l
a
c
i
n
g
l
o
s
t
n
i
t
r
o
g
e
n
is
e
x
p
e
n
s
i
v
e
a
n
d
r
e
q
u
i
r
e
s
l
a
r
g
e
a
m
o
un
t
s
of
our
d
i
m
i
n
i
s
h
i
n
g
e
n
e
r
g
y
supply.
Thus,
c
o
n
s
e
r
va
t
i
o
n
of
n
i
t
r
o
g
e
n
i
s
i
m
p
o
r
t
a
n
t
i
n
t
h
e
w
e
l
l
b
e
i
n
g
o
f
a
n
y
f
a
r
m
i
n
g
c
o
m
m
u
n
i
t
y
.
The
primary
difficulty
in
suggesting
remedial
measures
is
that
often
t
h
e
y
do
n
o
t
n
e
c
e
s
s
a
r
i
l
y
fit
W
e
l
l
into
p
r
a
c
t
i
c
a
l
f
a
r
m
i
n
g
-
o
p
e
r
a
t
i
o
n
s
.
In
addition,
some
meaSures
reduce
yield
(profit?)
while
reducing
pollution.
In
this
report
the
a
ut
h
o
r
s
will
suggest
some
a
l
t
e
r
a
t
i
o
n
s
in
f
a
r
m
i
n
g
p
r
a
c
t
i
c
e
s
that
m
i
g
h
t
h
e
l
p
reduce
e
xc
e
s
s
i
ve
N
O
3
—N
losses
by
leaching.
A
l
t
h
o
u
g
h
the
implementation
of
these
practices
will
probably
reduce
N—losses
from
agriculture
they
may
also
reduce
production
and
interfere
with
conventional
t
i
m
i
n
g
of
f
a
r
m
operations.
The
following
recommendations
should
be
considered:
1.
More
exact
use
of
nitrogen
fertilizer
to
meet
crop
needs
only.
This
may
involve
time
and
method
of
application.
Sometimes
the
rates
used
exceed recommended levels.
2.
Incorporation
of
a
legume
rotation
into
present
practices
~
supplies
‘
nitrogen,
prevents
leaching,
builds
up
tilth,
and
maintains
organic
matter.
3.
Deleting
the
practice
of
fall
nitrogen
fertilizer
application.
A
large
amount
of
this
is
probably
lost
by
fall
rains,
winter
thaws
and
spring melts.
4.
Deleting
the
practice
of
applying
manure
to
a
field
during
the
winter
—
manure
is
best
applied
late
spring
and
summer
and
should
be
incorporated
in
order
to
obtain
maximum
benefits.
5.
Encouragement
of
the
use
of
slow
release
nitrogen
fertilizers
(if
available)
where
release
could
be
timed
for
maximum
plant
uptake.
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